
45017 

Customer Number 


QDle Copy 


Patent 
CUNO-639.1 


IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

JefferyA.LUCASetal. 

Serial No.: 10/669,533 

Filed: September 24, 2003 

For: MULTI-LAYER PLEAT SUPPORT 
FILTER CONSTRUCTION 


Group Art Unit: 1723 
Examiner: K. Keeler 


BRIEF ON APPEAL 

Mail Stop: Appeal Brief-Patents 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 


Dear Sir: 

This is an appeal from the Final Office Action mailed on April 1, 2005, in 
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Appellant's Amendment filed on June 1, 2005, finally rejecting claims 1-22. 

A Notice of Appeal in this appUcation was faxed on July 1, 2005, and was 
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The fee required under 37 CFR § 41. 20(b) (2) for filing an appeal brief 
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REAL PARTY IN INTEREST 

Appellants have assigned their interests in the subject Application to 
CUNO Incorporated by an assignment recorded in the U.S. Patent and Trademark Office 
at Reel 014541, Frame 0874. CUNO Incorporated was subsequently acquired by 3M 
Corporation, and operates as a wholly owned subsidiary of 3M Corporation. 
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RELATED APPEALS AND INTERFERENCES 
Appellants are unaware of any related appeals or interferences. 
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STATUS OF CLAIMS 


Claims 1-17 and 20-22 are pending. Claims 18-19 are withdrawn. In the 
Official Action dated April 1, 2005 Claims 1-22 were finally rejected under 35 U.S.C. § 
103(a). Thus, for the purposes of appeal, Claims 1-22 stand rejected (claims 1-17 and 20- 
22 are believed to be the claims actually rejected) and arguments are presented herein to 
overcome the rejection to these claims (1-17 and 20-22). 
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STATUS OF AMENDMENTS 

In an Office Action dated April 1, 2005, Claims 1-17 and 20-22 were 
finally rejected under 35 U.S.C. § 103(a). 

Appellant responded to the Office Action (Final Rejection) in an 
Amendment under 37 C.F.R. § 1.116 filed June 1, 2005 and June 21, 2005 addressing 
each of the Examiner's rejections. 

In response, the Examiner issued an Advisory Action Before the Filing of 
an Appeal Brief dated June 27, 2005 entering Appellant's June 2005 Amendment 
providing an explanation of how the new or amended claims would be rejected. As to the 
reasons for beUeving that the amended claims would be rejected, the Examiner stated as 
follows: 

The request for reconsideration has been considered but does not 
place the application in condition for allowance because: 

L The Examiner has reviewed the file and applicant's 
arguments and maintains that the Miller reference teaches an extruded 
netting and Miller in view of Pall teaches an extruded apertured film, 
wherein Pall discloses (column 4, lines 33-37) his extruded netting as an 
extruded film that is later pimched to produce an apertured film. 

2, It is unclear how applicant's claimed "extruded 
apertruded film" and preferred material of manufacture for the second 
downstream support Delstar Delnet differs structurally firom Miller in 
view of Pall's extruded apertured fihn. 

As a result, Appellant filed a Notice of Appeal on July 1, 2005. 
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SUMMARY OF CLAIMED SUBJECT MATTER 

The claims on appeal before the Board of Patent Appeals and 
Interferences are Claims 1-17 and 20-22. All of the claims relate to a filter element, 
comprising: a filtration media; an upstream filtration media support positioned upstream 
firom and in contact with the filtration media; and a multi-layer downstream filtration 
media support positioned downstream firom the filtration media, the multi-layer 
downstream support including a first downstream support layer and a second downstream 
support layer, wherein: the first downstream support layer is in contact with the filtration 
media and is interposed between the filtration media and the second downstream layer, 
the first downstream support layer is fabricated so as to mmimize points of surface 
contact with the filtration media; and the second downstream support layer is in contact 
with the first downstream support layer and is fabricated so as to facilitate lateral fluid 
flow relative to the multi-layer downstream pleat support, wherein the second 
downstream support layer comprises an extruded apertured film having ribs . 

Figures 1-3, the only figures of the present appUcation, show a sectional 
view of a representative embodiment as described by the claims. The embodiment 
disclosed in Figure 1 is a perspective view, partially cutaway, of a cartridge assembly 
including a pleated filter element constructed in accordance with an exemplary 
embodiment of the present disclosure contained between an inner core and an outer cage 
of the cartridge assembly wherein a portion of the filter element is shown unwrapped 
fi'om within the cage. Figure 2 shows a perspective, partially exploded, view of a portion 
of an exemplary filter element, illustrating the multi-layer structure thereof; and Figure 3 
shows a schematic cross-sectional illustration showing fluid flow relative to an 
exemplary filter element according to the present disclosure. 

Appellant's claimed invention is best understood with reference to the 
representative embodiment described and illustrated in Appellant's specification. In 
particular and referring to Figure 1, a pleated filter cartridge constructed according to the 
invention and designated generally by reference numeral 1 0. 

Filter cartridge 10 includes an elongated pleated filter element 12 having a 
plurality of longitudinal pleats 14 surrounding a central perforated core 20 coaxially 
disposed within the filter element and a perforated outer cage 30 coaxially disposed on 
the filter element. The core 20 supports the inner periphery of the filter element 12 
against forces in the radial direction and also helps to give the filter axial strength and 
rigidity against bending. The cage 30 retains the pleats of the filter element 10, 
preferably in a radial pleat configuration. It is possible to employ means other than cage 
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30 to retain the pleats as, for example, a polymeric netting or mesh material may be 
utilized to retain the pleats about the outer periphery of filter element 12. Usually a 
cartridge assembly 10 will be equipped with end caps at both ends. The end caps 40 can 
be either closed or open end caps and the materials of which they are formed and their 
shape are selected depending on the filtering conditions and the materials of the members 
to which they are to be joined. 

When the filter element 12 is used under conditions where the fluid flows 
radially inwardly through the filter element, i.e., from the cage 30 to the core 20, the 
internal surfaces of the pleat legs form the downstream surface of the filter element 12, 
while the extemal surfaces of the pleat legs form the upstream surface of the filter 
element 12. Conversely, when the filter element 12 is used under conditions such that 
fluid flows radially outwardly through the element, i.e., fi^om the core to the cage, the 
internal surfaces of the pleat legs define the upstream surface of the filter element 12 and 
the extemal surfaces of the pleat legs define the downstream surface of the filter element 
12. More specifically, as used herein, upstream and downstream refer to the exterior and 
interior surfaces of the filter element 12 when the filter element is being subject to 
radially outward fluid flow. 

Filtration element 12 includes an upstream pleat support 16, a filtration 
media 18, a multi-layer downstream support that includes a first downstream support 
layer 19 and a second downstream support layer 22. Selection of an upstream pleat 
support 16 is not critical to filtration performance and its selection generally depends 
upon a number of factors, namely, requirements associated with the upstream support's 
ability to maintain flow under dirt loading, the required chemical resistance of the 
upstream support, and/or conditions associated with potential damage to the filtration 
media caused by the upstream support. 

The filtration media 18 may take a variety of pleated forms, the filtration 
media 18 may define radial pleats, W-pleats or spiral pleats. 

There are no particular restrictions on the type of filter mediimi 18 that can 
be employed in the present filter element 12 and the filter medium can be selected in 
accordance with the fluid to be filtered and the desired filtering characteristics. The filter 
medium 18 can be used to filter fluids such as liquids, gases, or mixtures thereof, and 
may comprise a porous film or a fibrous sheet or mass, or any combination thereof, may 
have a uniform or graded pore structure and any appropriate effective pore size; may 
include single or multiple layers; and may be formed firom any suitable material, such a 
natural material, synthetic polymer, glass or metal. 
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According to preferred embodiments of the present disclosure, the filter 
medium is comprised of one or more sheets of non-woven thermoplastic microfibers. 
The nonwoven thermoplastic microfibers may be meltblown, spunbond, spimlace, carded 
or hydroentangled, for example. In addition, the filter medium may be calendered, or 
compressed, to fiirther modify its porosity. For lower temperature filtering applications 
(i.e., below 180*" F.), the thermoplastic can comprise polypropylene, for example, while 
for higher temperature applications (i.e., above 180'' F.) or chemical compatibility with 
other fluids, the thermoplastic can comprise polyaramide, nylon, polyester or melt- 
processible fluoropolymer, for example. 

The filtration media 18 is typically a microporous filtration media having 
a pore size of about 0.1 microns to about 10 microns, and is generally fabricated fi'om 
conventional filtration materials, such as expanded Teflon, nylon, polyether sulfone, 
polyvinylidene difluoride and the like. 

The pore size of filtration media 18 is generally characterized by bubble 
point tests, which involve measuring the pressure to force either the first air bubble out of 
a fiiUy wetted phase inversion membrane (the initial Bubble Point, or "IBP"), and the 
higher pressure which forces air out of the majority of pores all over the phase inversion 
membrane (foam-all-over-point or "FAOP"). The procedures for conducting initial 
bubble point and FAOP tests are discussed in U.S. Patent No. 4,645,602, the disclosure of 
which is incorporated herein by reference. The procedure for the initial bubble point test 
and the more common Mean Flow Pore tests are explained in detail, for example, in 
ASTM F3 16-70 and ANS/ASTM F3 16-70 (Reapproved 1976), 

Appellant's claimed invention is directed to a new filter element 
constructed which comprises a filtration media, an upstream pleat support positioned 
upstream and in contact with the filtration media, multi-layer downstream pleat supports 
positioned downstream fi^om the filtration media, including a first downstream support 
layer and a second downstream support layer, the first downstream support layer is in 
contact with the filtration media and is interposed between the filtration media and the 
second downstream layer, with the first downstream support layer having been fabricated 
so as to minimize points of surface contact with the filtration media. The second 
downstream support layer is in contact with the first downstream support layer and is 
fabricated so as to facilitate lateral fluid flow relative to the multi-layer downstream pleat 
support. 

More particularly, the multi-layer downstream pleat support includes a 
first downstream support layer and a second downstream support layer. The first 
downstream support layer is interposed between the filtration media and the second 
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downstream support layer and is fabricated so as to minimize points of surface contact 
with the filtration media, thereby enhancing fluid flow away from the filtration media. 
The first downstream support is fabricated from a material that contacts the membrane in 
as few locations as possible so as to allow the fluid, whether it be liquid or gas, to egress 
from the filtration media and into the second downstream support layer located just 
below. Suitable materials for use in fabricating the first downstream support layer are 
non-woven materials characterized by high air permeability, low thickness, high strength, 
low fiber diameter and/or a relatively soft feel to prevent abrasion of the filtration media. 
Preferred examples of materials for fabricating the first downstream support layers are 
polypropylene or polyesters. In an alternative embodiment, the first downstream support 
layer can be fabricated of a nonwoven material that is laminated to the filtration media. 
However, it is generally preferred to provide the first downstream support layer in non- 
laminated juxtaposition relative to the filtration media, thereby improving flow through 
the first support layer and the filtration media, e.g., by as much as 3 to 5%. 

The second downstream support layer is in contact with the first 
downstream support layer and is fabricated so as to facilitate lateral fluid flow. 
Preferably, the second downstream support layer is fabricated from an extruded 
apertured film material, and preferably an apertured film material liaving rib(s) 
formed on one side. The rib(s) advantageously maintain a gap when the pleated 
filtration media is folded onto itself, thereby greatly improving lateral fluid flow . 
[Emphasis added] 

The inventors herein have established (infra) that eliminating either the 
first or the second downstream support layer will degrade the performance of the filter. 
The first downstream support layer, which is typically fabricated from a nonwoven 
material, does not provide optimum lateral flow. Likewise, the extruded apertured fihn 
would disadvantageously effect a sealed contact against the filtration media if placed 
directly against it, thereby limiting fluid egress from the filtration media to aperture 
locations. The addition of the support layers to the filter design allows an increase in the 
media area without resorting to different pleat designs, larger geometries or ever thinner 
supports, despite the fact that the additional support layers effectively add thickness. The 
relatively thin filtration media is capable of increased packing by pressing the pleats 
together more closely, but in prior art systems, the increased area associated with tight 
packing does not result in increased flow because the support materials are closely 
pinched together. It has now been found that when multiple downstream support layers 
are employed, as described in the present disclosure, the higher filtration area will 
beneficially lead directly to improved flow because the transport of the fluid from the 
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downstream layers to the core will not be impeded. However, even when the filler 
element is constructed with less filtration area, the construction in accordance with the 
invention provides improved flow rate and improved flux, i.e., flow per area. 

The filtration media may take a variety of forms, as are known in the art. 
Pleated filtration media having a plurality of longitudinally extending pleats may be 
advantageously incorporated into filter elements according to the present disclosure. The 
specific pleat geometry is not critical to the superior performance achievable according to 
the present disclosure. Radial pleats, W-pleats and spiral pleats are exemplary pleat 
geometries contemplated for use herein. 

According to the present disclosure, advantageous filter elements provided 
offer superior filtration performance including improved flow for a given filter cartridge 
size/design, the latter being achieved through the selection of support materials that act 
cooperativelv to improve total flow . [Emphasis added] 

Appellant's claimed invention differs fi-om the conventional arrangement 
in that Appellants believe that the support materials selected, apertured films are 
fundamentally distinct fi-om extruded mesh materials in both their design and the 
processes used to manufactiu-e them. Apertured fihns typically contain primary strands 
or ribs that run in the down web machine direction while the extruded meshes contain 
primary ribs or strands that only run diagonal to the down web machine direction. 
Apertured films are manufactured using a process similar to that used to produce biaxial 
oriented films while extruded mesh is manufactured using a counter-rotating die 
technology that places the strands in two different planes. 

A further distinction between the apertured film and the extruded mesh is 
the greater ability of the apertured film to " nest " when folded. When a material 
containing a 3 -dimensional structure is folded onto itself, and when measured produces a 
thickness less than the sum of the 2 layers measured independently, then a "nesting" 
condition of the strands or ribs is taking place. The apertured film exhibits the greatest 
abihty for the strands or ribs to "nest" due to the primarv strand or rib formation running 
in the machine direction . This rib nesting capability allows for the maximum surface 
area in the filter's design. In contrast, the extruded mesh possesses a diagonal strand 
relative to the machine direction that, when folded in the machine direction, provides 
onlv limited "nesting" capability of the ribs . 
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GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Claims 1-22 stand rejected imder 35 USC § 103 (a) as purportedly 
unpatentable over the teachings of Miller et al (U.S. Patent No. 5,275,743) in view of Pall 
(U.S. Patent No. 4,033,881) 


10 


45017 Patent 
Customer Number CUNO-639. 1 

ARGUMENT 


Thus, the single substantive issue upon appeal is whether or not claims 1- 
17, and 20-22 are patentable under 35 U.S.C. § 103(a) over Miller et al (U.S. Patent No. 
5,275,743) in view of Pall (U.S. Patent No. 4,033,881). 

As the Board knows, the Examiner carries the burden under Section 103 to 
establish a prima facie case of obviousness. In re Finey 837 F.2d 1071, 5 U.S.P.Q.2d 
1596 (Fed. Cir. 1988), and must show that the references relied on teach or suggest all of 
the limitations of the claims. In re Wilson, 424 F.2d 1382, 1385 (C.C.P.A. 1970). 
"Obviousness cannot be established by combining the teachings of the prior art to 
produce the claimed invention, absent some teaching, suggestion or incentive supporting 
the combination." Carella v. Starlight Archery, 804 F.2d 135, 231 U.S.P.Q. 375 (Fed. 
Cir. 1986). There must be some expUcit teaching or suggestion in the art to motivate one 
of ordinary skill to combine the references in the manner suggested. See, Arkie Lures, 
Inc. V. GeneLarew Tackle, Inc., 119 F.3d 953, 957, 43 U.S.P.Q.2d 1294 (Fed. Cir. 1997). 
Fromson v. Anitec Printing Plates, Inc., 132 F.3d 1437, 45 U.S.P.Q.2d 1269 (Fed. Cir. 
1997). 

In this instance, the Examiner cannot establish a prima facie case of 
obviousness and has admitted that the primary reference relied upon does not teach or 
suggest all of the limitations of the amended independent claims. Since the secondary 
references cannot make up for the deficiencies of the primary appHed reference. 
Appellants submit that all remaining claims are allowable. Specifically, there is 
considerable difference between the extruded apertured film with ribs as required by 
the present independent claims and the extruded mesh/net with ribs as recited in the 
Examiner rejection of the independent claims . Accordingly, the independent claims, and 
each of the claims depending respectively therefirom, are not rendered obvious by the 
combination of Miller et al. ("743) in view of any of the applied secondary references. 
Therefore, withdrawal of the rejection under 35 U.S.C. § 103(a) is respectfully requested 
for the following reasons. 

As is also known, CCPA and Federal Circuit case law provide the grounds 
for attacking an obviousness rejection for want of a prima facie showing. One such 
ground for attacking an obviousness rejection for want of a prima facie showing can be 
expressed as follows: 
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The Examiner Failed to Prove a Prima Facie Case of Obviousness 


As the Examiner knows, the PTO recognizes in MPEP §2142: 

The legal concept of prima facie obviousness is a procedural tool of 
examination which applies broadly to all arts. It allocates who has 
the burden of going forward with production of evidence in each step 
of the examination process. The examiner bears the initial burden of 
factually supporting any prima facie conclusion of obviousness. If 
the examiner does not produce a prima facie case, the applicant is 
under no obligation to submit evidence of nonobviousness.,. The 
initial evaluation of prima facie obviousness thus relieves both the 
examiner and applicant from evaluating evidence beyond the prior 
art and the evidence in the specification as filed until the art has been 
shown to suggest the claimed invention. 

As Judge Newman astutely observed, "the determination of whether a 


prima facie case of obviousness has been made is a critical decision that controls the 
evidentiary procedures and burdens before the PTO." In re Geiger, 815 F.2d 686, 690, 2 
USPQ2d 1276, 1279 (Fed. Cir. 1987) (Newman, Circuit Judge, concurring). 


The Examiner may reject a claim as obvious (albeit novel) over a single 


prior art reference on the ground that it would have allegedly been obvious to a person of 
ordinary skill in the art to change what the reference shows to that which is claimed. The 
change, it may be asserted, is a matter of standard design technique. More often, 
however, the PTO will assert obviousness on the basis of the combination of two or more 
prior art references, e.g., asserting that the primary reference teaches or shows most of 
that which is claimed and the secondary reference shows or suggests the element (s) or 
other teaching missing from the primary reference. 


In either the single reference or plural references situation, "the examiner 


must step backward in time and into the shoes worn by the hypothetical 'person of 
ordinary skill in the art* when the invention was unknown and just before it was made." 
MPEP §2142. The Examiner must put aside knowledge of the appHcant's disclosure, 
refrain from using hindsight, and consider the subject matter claimed "as a whole." Id. 


As stated above, there is considerable difference between the extruded 


apertured film with ribs as required by the present independent claims and the extruded 
mesh/net with ribs as recited in the Examiner rejection of the independent claims . 
Accordingly, the independent claims, and each of the claims depending respectively 
therefrom, are not rendered obvious by the combination of Miller et al. ("743) in view of 
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any of the applied secondary references. As the Board knows, the CCPA and Federal 
Circuit case law provide grounds for attacking an obviousness rejection for want of a 
prima facie showing. 

^ There Must Be a Basis in the Art for Combining or Modifying References/ ' 


MPEP §2143.01 provides: 

The mere fact that references can be combined or modified 
does not render the resultant combination obvious unless the prior 
art also suggests the desirability of the combination. In re Mills; 
916 F.2d 680, 16 USPQ2d 1430 (Fed. Cir. 1990). 


The Federal Circuit has several times expressly addressed the issue 
of how to evaluate an alleged case of prima facie obviousness to determine whether 
it has been properly made. Thus, In re Geiger, supra, stated, in holding that the 
PTO "failed to establish a prima facie case of obviousness": 


Obviousness cannot be established by combining the 
teachings of the prior art to produce the claimed invention, absent 
some teaching, suggestion or incentive supporting the combination. 
ACS Hospital Systems, Inc. v. Montefiore Hospital, 732 F.2d 1572, 
1577, 221 USPQ 929, 933 (Fed. Cir. 1984). 

Of course, application of §103 presumes the existence of differences 


between the subject matter claimed and the teachings of any particular prior art reference. 
Otherwise a rejection under §102 would have sufficed. Thus, the Examiner must propose 
some modification of a particular reference or a combination thereof with another 
reference in order to arrive at the claimed invention. The Federal Circuit's assessment in 
Geiger, quoted above, is directed to the sufficiency of the teachings of a particular 
reference to justify a conclusion that any proposed modification or combination of 
references is what one of ordinary skill in the art would have found obvious to do at the 
time the invention was made. 815 F.2d at 688, 2 USPQ2d at 1278 (Fed. Cir. 1987). 


The CCPA earlier expressly held that there must be some logical reason 


apparent from the evidence of record that would justify a combination or modification of 
references. In re Kegel 188 USPQ 132 (CCPA 1975). In determining whether one of 
ordinary skill in the art would find it obvious to modify or combine references, the 
teachings of the references taken with the knowledge that a worker in the art already 
possesses constitute the scope and content of the prior art that is referred to in the 
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Graham decision. Graham v. John Deere, 383 US 1, 148 USPQ 459 (1966). Thus, the 
question raised under §103 is whether the prior art taken as a whole would suggest the 
claimed invention taken as a whole to one of ordinary skill in the art. Accordingly, even 
if all elements of a claim are disclosed in various prior art references, the claimed 
invention taken as a whole cannot be said to be obvious without some reason given in 
the prior art why one of ordinary skill would have been prompted to combine the 
teachings of the references to arrive at the claimed invention . In re Regel, supra. 

Prima facie obviousness does exist when the prior art suggests or 
anticipates the benefits of modifying or combining references or when extemal factors, 
such as the changing state of the art, provide the motivation to one of ordinary skill in the 
art to make the modification or combination. However, where no reasonable intrinsic or 
extrinsic justification exists for the proposed combination or modification, prima facie 
obviousness will not have been established. 

Thus, it is important for the practitioner to examine whether there is an 
intrinsic basis in the prior art or some extrinsic factor that would prompt one of ordinary 
skill in the art to combine the teachings of the references. If there is not, then the 
Examiner has not met the burden of establishing a prima facie case of obviousness, and it 
becomes a task of the practitioner to traverse the rejection by way of denying the 
existence of a prima facie case of obviousness. 

For example. In re Herschler, 591 F.2d 693, 200 USPQ 711 (CCPA 
1979), involved a method of enhancing the penetration of physiologically active steroidal 
agents into and across a membrane. The process claim involved mixing a steroidal agent 
with dimethyl sulfoxide (DMSO), a well known industrial solvent. The advantage of the 
method was the elimination of injections of steroidal agents and the increased ability to 
administer locaHzed, as opposed to systemic, doses of the agent. 

The prior art disclosed that the DMSO, as well as other compounds, had 
been added to hair lotion containing a soluble oil. The prior art indicated also that 
steroids may be added to hair lotion. However, no relationship was suggested to exist in 
the prior art between DMSO and such steroids. 

The prior art disclosed that DMSO was an effective solubilizing agent in 
pharmaceutical and dermatologic compositions, but the formulation of the 
aforementioned prior art hair lotion aheady resulted in a clear solution containing more 
solvent than anything else. Accordmgly, there would have been no reason for one of 
ordinary skill in the art to add any additional solvent to the hair lotion in any amount 
large enough to enhance the penetration across a membrane as required by the claims. 
Accordingly, although the secondary references taught that DMSO was generally usefiil 
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as a solvent, there was no teaching or suggestion that one should use DMSO, out of 
countless other solvents, as a solvent for use with steroids. The court ruled, therefore, 
that the prior art simply did not provide any impetus to do what the inventor had done. 
Accordingly, the Examiner's case of prima facie obviousness failed. 

In In re Jansson, 609 F.2d 996, 203 USPQ 976 (CCPA 1979), the court 
found that the only suggestion for the claimed combination came from the appUcant's 
own specification. The claimed method related to preventing form molds from warping 
upon being sprayed with a hard metal coating. This problem was solved in the past by 
using frames and backing plates for the die. The applicant, however, sprayed a die model 
with a readily fusible thin metal layer and placed a die pattern on top of the fusible metal 
layer. When separated, the fusible metal layer adhered to the pattern. The pattem was 
next sprayed with a hard metal coating and a die replica of heat-resistant plastic was 
placed atop the coated pattem. 

What the prior art failed to show was any use of an easily fusible metal 
coating on a die pattem from which the actual die was made. Thus, the court, in 
reversing the rejection, required some reason or suggestion from the prior art references 
cited by the Examiner for why one of ordinary skill in the art would have been led to 
produce the claimed invention. In the absence of such reason or suggestion, the prima 
facie case of obviousness failed. Some motivation to make a change is required in order 
to estabUsh prima facie obviousness. When the prior art itself provides no apparent 
reason for one of ordinary skill in the art to make a modification or to combine 
references, an argument clearly, properly exists that the claimed subject matter would not 
have been obvious. 

The Federal Circuit has also repeatedly warned against using the 
applicant's disclosure as a blueprint to reconstruct the claimed invention out of isolated 
teachings in the prior art> See, e.g., Grain Processing Corp, v. American Maize- 
Products, 840 F.2d 902, 907, 5 USPQ2d 1788, 1792 (Fed. Cir. 1988). 

More recently, the Federal Circuit reversed the Office's §103 rejection of 
claims in In re Rouffet, 149 F.3d 1350, 47 USPQ2d 1453 (Fed. Cir. 1998), because the 
board had "reversibly erred in determining that one of [ordinary] skill in the art would 
have been motivated to combine these references in a manner that rendered the claim 
invention [to have been] obvious." Id, at 1357. The court noted that to " prevent the use 
of hindsight based on the invention to defeat patentability of the invention, this court 
requires the examiner to show a motivation to combine the references that create the case 
of obviousness ." The court set forth three possible sources for such motivation , namely 
"the nature of the problem to be solved , the teachings of the prior art , and the knowledge 
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of persons of ordinary skill in the art ." Id, According to the coiirt, "the Board merely 
invoked the high level of skill in the field of art," id,, without explaining what specific 
understanding or technological principle within the knowledge of one of ordinary skill in 
the art would have suggested the combination, " If such a rote invocation could suffice to 
supply a motivation to combine, the more sophisticated scientific fields would rarelv, if 
ever, experience a patentable technical advance ." Id, 

Appellants find no basis in the art for combining or modifying the 
applied references in that there is not even any mention whatsoever of the nesting that 
results fi'om the not even mentioned second downstream support layer comprising an 
extruded apertured film having ribs. Since the Examiner has failed to make a prime 
facie case of obviousness, Appellants respectfiiUy submit that the claims, as currently 
amended, are allowable and an opinion acknowledging same is respectfiilly requested fro 
the Board, 

All Claim Limitations Must Be Considered, Especially When Missing From the 

Prior Art 

When evaluating a claim for determining obviousness, all limitations of 
the claim must be evaluated. A case in point is In re Fine, 873 F.2d 1071, 5 USPQ2d 
1596 (Fed. Cir. 1988), where the court reversed an obviousness rejection because the 
Examiner ignored a material, claimed, temperature limitation which was absent from the 
reference. 

Another case in point is /« re Mz7/er, 418F.2d 1392, 164USPQ46 (CCPA 
1969), where the court held that printed indicia on a measuring cup, while not per se 
patentable subject matter, had to be considered in determining patentability, explaining as 
follows: 

The fact that printed matter by itself is not patentable subject matter, 
because non-statutory, is no reason for ignoring it when the claim is directed to a 
combination. Here there is a new and unobvious fimctional relationship between a 
measuring receptacle, volumetric indicia thereon indicating volume in a certain ration to 
actual volume, and legend indicating the ration, and in our judgment the appealed claims 
properly define this relationship. 

Thus, if printed matter is functionally related to the other elements of the 
invention, the printed matter must be considered in determining whether the claimed 
invention is nonobvious in view of the prior art. 
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In Jones v. Hardy, 727 F.2d 1524, 220 USPQ 1021 (Fed. Cir 1984), the 
Federal Circuit reversed a district court holding of invalidity of patents relating to the use 
of molded polystyrene sheets in the formation of concrete walls, for failure to consider 
the invention "as a whole." The basic error of the trial court was in judging the "idea" 
behind the invention. The Federal circuit held that: 

The invention cannot be tested on the basis of whether the "idea" of using 
molded polystyrene is patentable. Under the patent statute. Title 35 U.S.C., "ideas" are 
not patentable; claimed structures and methods are. Reducing a claimed invention to an 
"idea," and then determining patentability of that "idea" is error, [citation omitted.] 
Analysis properly begins with the claims, for they measure and define the invention. 727 
F.2d at 1527-27, 220 USPQ at 1024. 

The district court in Jones had treated the structural differences between 
the claimed invention and the prior art as the invention itself. Rejecting this denigration 
of the claimed invention "as a whole," the Federal Circuit observed that: 

The "difference" may have seemed slight (as has often been 
the case with some of history's great inventions, e.g.. the telephone) 
but it mav also have been the kev to success and advancement in the 
art resulting fi'om the invention. Further, it is irrelevant in 
determining obviousness that all or all other aspects of the claim 
mav have been well known in the art . Id. at 1528, 220 USPQ at 
1024. 

The Federal Circuit has continually cautioned against myopic focus on the 
obviousness of the difference between the claimed invention and the prior art rather than 
on the obviousness vel non of the claimed invention as a whole relative to the prior art as 
§103 requires. See, e.g., Hybritech Inc. v. Monoclonal Antibodies, Inc. 802 F.2d 1367, 
1383, 231 USPQ 81, 93 (Fed. Cir. 1986). 

As the Board will note, Appellants have amended the independent claims 
in an effort to clarify the specific combination Appellants intend to be the subject thereof. 
Specifically, Appellants have clarified that the second downstream support layer is in 
contact with the first downstream support layer and is fabricated so as to facilitate lateral 
fluid flow relative to the multi-layer downstream pleat support, wherein the second 
downstream support layer comprises an extruded apertured film having ribs.. Such 
specific description is not believed to be disclosed, suggested or taught by any of the 
currently applied references. 
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Since the Examiner has failed to make a prime facie case of obviousness, 
Appellants respectfully submit that the claims, as currently amended, are allowable and 
an opinion acknowledging same is respectfully requested fro the Board. 

MPEP §2143.01 provides: 
The mere fact that references can be combined or modified does not render the resultant 
combination obvious unless the prior art also suggests the desirability of the combination. 
In re Mills; 916 F.2d 680, 16 USPQ2d 1430 (Fed. Cir. 1990). 

The Federal Circuit has several times expressly addressed the issue of how 
to evaluate an alleged case of prima facie obviousness to determine whether it has been 
properly made. Thus, In re Geiger, supra, stated, in holding that the PTO "failed to 
estabUsh a prima facie case of obviousness": 

Obviousness cannot be established by combining the 
teachings of the prior art to produce the claimed invention, absent 
some teaching, suggestion or incentive supporting the combination. 
ACS Hospital Systems, Inc. v. Montefiore Hospital, 732 F.2d 1572, 
1577, 221 USPQ 929, 933 (Fed. Cir. 1984). 

Of course, application of §103 presumes the existence of differences 
between the subject matter claimed and the teachings of any particular prior art reference. 
Otherwise a rejection under §102 would have sufficed. Thus, the Examiner must propose 
some modification of a particular reference or a combination thereof with another 
reference in order to arrive at the claimed invention. The Federal Circuit's assessment in 
Geiger, quoted above, is directed to the sufficiency of the teachings of a particular 
reference to justify a conclusion that any proposed modification or combination of 
references is what one of ordinary skill in the art would have found obvious to do at the 
time the invention was made. 815 F.2d at 688, 2 USPQ2d at 1278 (Fed. Cir. 1987). 

The CCPA earlier expressly held that there must be some logical reason 
apparent from the evidence of record that would justify a combination or modification of 
references. In re Kegel 188 USPQ 132 (CCPA 1975). In determining whether one of 
ordinary skill in the art would find it obvious to modify or combine references, the 
teachings of the references taken with the knowledge that a worker in the art already 
possesses constitute the scope and content of the prior art that is referred to in the 
Graham decision. Graham v. John Deere, 383 US 1, 148 USPQ 459 (1966). Thus, the 
question raised under §103 is whether the prior art taken as a whole would suggest the 
claimed invention taken as a whole to one of ordinary skill in the art. 
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Accordingly, even if all elements of a claim are disclosed in various prior 
art references, the claimed invention taken as a whole cannot be said to be obvious 
without some reason given in the prior art why one of ordinary skill would have been 
prompted to combine the teachings of the references to arrive at the claimed 
invention . In re Kegel, supra. 

Since the Examiner has not expressly pointed out how the p rior art 
suggests or anticipates the benefits of modifying or combining references or when 
extemal factors, such as the changing state of the art, provide the motivation to one of 
ordinary skill in the art to make the modification or combination as claimed, but has only 
made the unsupported assertion that " It is considered to have been obvious to one of 
ordinary skill in the art to fabricate the downstream support layer fi'om an extruded 
mesh/net with ribs because an extmded mesh/net is a conventional material of 
manufacture for the downstream support layer and the ribs provide the support layer with 
reinforcement usefiil in pressurized filtration systems, such as. Miller and Pall's.", 
Appellants respectfiiUy summit that the Examiner has not made a case for prima facie 
obviousness and an action acknowledging same is respectively requested. 

In the absence of such reason or suggestion, the prima facie case of 
obviousness failed. Some motivation to make a change is required in order to estabhsh 
prima facie obviousness. When the prior art itself provides no apparent reason for one of 
ordinary skill in the art to make a modification or to combine references, an argument 
clearly, properly exists that the claimed subject matter would not have been obvious. 

The Federal Circuit has also repeatedly warned against using the 
applicant's disclosure as a blueprint to reconstruct the claimed invention out of isolated 
teachings in the prior art. See, e.g., Grain Processing Corp, v. American Maize- 
Products, 840 F.2d 902, 907, 5 USPQ2d 1788, 1792 (Fed. Cir. 1988). 

More recently, the Federal Circuit reversed the Office's §103 rejection of 
claims in In re RoujfeU 149 F.3d 1350, 47 USPQ2d 1453 (Fed. Cir. 1998), because the 
board had "reversibly erred in determining that one of [ordinary] skill in the art would 
have been motivated to combine these references in a manner that rendered the claim 
invention [to have been] obvious." M at 1357. The court noted that to " prevent the use 
of hindsight based on the invention to defeat patentability of the invention, this court 
requires the Examiner to show a motivation to combine the references that create the case 
of obviousness ." The court set forth three possible sources for such motivation , namely 
"the nature of the problem to be solved , the teachings of the prior art , and the knowledge 
of persons of ordinary skill in the art ." Id, According to the court, "the Board merely 
invoked the high level of skill in the field of art," id,, without explaining what specific 
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understanding or technological principle within the knowledge of one of ordinary 
skill in the art would have suggested the combination. " If such a rote invocation could 
suffice to supply a motivation to combine, the more sophisticated scientific fields would 
rarely, if ever, experience a patentable technical advance ." Id, 

In this particular rejection, the Examiner has not presented any such 
motivation or explained what specific understanding or technological principle within 
the knowledge of one of ordinary skill in the art would have suggested the 
combination and therefore has failed to present a prima facia case of obviousness and 
allowance of all appealed claims is respectfully requested. Specifically, there is 
considerable difference between the extruded apertured film with ribs as required by 
the present independent claims and the extruded mesh/net with ribs as recited in the 
Examiner rejection of the independent claims and an opinion acknowledging same is 
respectfully requested. 

^^Reliance Upon General Knowledge to Negate Patentability Must be Articulated 
and Placed on the Record and the Failure to do so is NOT Consistent with either 
Effective Administrative Procedure or Effective Judicial Review''' 

Concerning the Examiner's assertion (personal knowledge/official 
notice/design choice) without providing acceptable reasoning that certain claims are 
rejected because "it would have been obvious...," Appellants respectively submit that the 
Examiner's characterization of" It is considered to have been obvious to one of ordinary 
skill in the art to fabricate the downstream support layer from an extruded mesh/net with 
ribs because an extruded mesh/net is a conventional material of manufacture for the 
downstream support layer and the ribs provide the support layer with reinforcement 
useful in pressurized filtration systems, such as. Miller and Pall's." is clearly 
unsupported conclusions (personal knowledge/official notice/design choice) - not 
reasons on which to base rejections . In fact. Appellants, who are skilled in the art, do 
not understand how the Examiner can possibly propose that the references cited could 
possibly disclose, suggest or teach the filter element, comprising, among other features, a 
second downstream support layer is in contact with the first downstream support layer 
and is fabricated so as to facilitate lateral fluid flow relative to the multi-layer 
downstream pleat support, wherein the second downstream support layer comprises an 
extruded apertured film having ribs, as defined in the instant claims. 

It is Appellants' position that the Examiner has not and caimot provide 
acceptable reasoning why the specific combination of features to form a fiher element as 
required by the claims, would have been obvious to one of ordinary skill in the art. 
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One form of personal knowledge (other than the taking of official notice) 
is when the Examiner states that specific information that is needed to support the 
obviousness rejection is a matter of "design choice." That is, the Examiner is missing 
specific information and rehes on general knowledge in the prior art that the Examiner 
assumes would teach the missing subject matter. The Examiner must provide sufficient 
reasoning, to substantiate the claim of obvious design choice. 

In the final rejection, the Examiner appears to make a new rejection based 
on "design choice," as the Board may know, a bald statement very similar to the 
Examiner's was addressed by the PTO Board of Patent Appeals and Interferences in In re 
Garrett , 33 BNA Pat. Trademark & Copyright J. 43 (November 13, 1986). The Board, in 
reversing an Examiner's similar, but legally untenable alleged rejection, held that the 
Examiner's assertion that the modification proposed was ..."an obvious matter of 
engineering design choice was an xmsupported conclusion - not a reason upon which to 
base the rejection". [See also In re Antonie, 559 F.2d 618, 195 U.S.P.Q. 6 (C.C.P.A. 
1977), Carl Schenck, A.G. - v. Norton Corp., 713 F.2d 782, 218 U.S.P.Q. 698 (Fed. Cir. 
1983) and Carman Industries v. Wahh 774 F.2d 932, 220 U.S.P.Q. 481 (Fed. Cir. 1983)]. 
The Appellants find no disclosure, suggestion or teaching in the applied reference which 
would suggest to one skilled in the relevant art to combine the specific components 
mentioned above, as claimed in the present application. In fact, the only possible 
mention of an "apertured" anything is the reference to "perforated sheets or plates or 
woven of nonwoven or extruded netting...." and "Nettings also at formed of extruded 
thermoplastic resin sheet, which is embossed during or after extrusion and then stretched 
to open holes in the embossed areas, resulting in the formation of netting in sheet form." 
Clearly there is no disclosure, suggestion or teaching concerning a combination as 
claimed using an extruded apertured film having ribs as the second downstream 
support layer in contact with the first downstream support layer and is fabricated so as to 
facilitate lateral fluid flow relative to the multi-layer downstream pleat support. 

In a later example relating to "design choice", in In re Chu. 66 F.3d 292, 
36 U.S.P.Q.2d 1089 (Fed. Cir. 1995), the invention related to an apparatus used to control 
or filter emissions, such as sulphur oxides, oxides of nitrogen, and particulates (such as 
fly ash), firom fossil fiiel boilers. The Examiner was of the opinion that the prior art 
showed all the features of the invention with the exception of a baghouse filter having a 
catalyst located within the filter. The applicant Chu argued that the prior art references 
did not teach or suggest the positioning of the catalyst inside the bag retainer of the filter 
bags. Chu maintained that this feature was significant because the bag retainer provided 
support and prevented the filter bags firom collapsing during pulse-jet cleaning. Chu 
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provided technical evidence relating to, for example, the frailty of fabric filters during 
pulse-jet cleaning, and the violent "snapping" action during pulse-jet cleaning. 

On appeal, the Board concluded that situating the catalyst within the bag 
retainer was a matter of "design choice" and affirmed the rejection. The Federal Circuit, 
however, reversed the rejection. The court emphasized that Chu's technical evidence 
militated against a conclusion that placement of the catalyst was merely a design choice. 
Since the Board provided no specific reasoning to support the assertion of desien 
choice , the Federal Circuit reversed the rejection. (Emphasis added) Thus, the Chu 
decision instructs that the Examiner must provide reasoning why a specific feature is a 
matter of design choice, an d therefore obvious . (Emphasis added) 

In a more recent case. In re Sang-Su Lee, 61 U.S.P.Q.2d 1430, the Federal 
Circuit spoke definitively conceming the requirement for "judicial review of a decision of 
the Board of Patent Appeals and Interferences denying an appUcation for a patent by 
stating that any rejection must be foimded on the obligation of the agency to make the 
necessary findings and to provide an administrative record showing the evidence on 
which the findings are based, accompanied by the agency's reasoning in reaching its 
conclusions." The Federal Circuit stated that "as applied to the determination of 
patentability vel non when the issue is obviousness, it is fimdamental that the rejection of 
a patent application must be based on evidence comprehended by the language of the 
statute addressing obviousness." The Federal Circuit went on to say that "the patent 
examination process centers on prior art and the analysis thereof; when patentability turns 
on the question of obviousness, the search for an analysis of prior art includes evidence 
relevant to the findings of whether there is a teaching, motivation or suggestion to select 
and combine the references relied on as evidence of obviousness." The Federal Circuit 
fiuther stated that "in an obviousness determination, the factual question of motivation to 
combine prior art is material to patentability, and cannot be resolved on subjective belief 
and unknown authority ." (Emphasis added) "In an obvious determination under patent 
law, it is improper, in determining whether a person of ordinary skill would have been led 
to combine references, simply to use that which the inventor taught agamst its teacher; 
thus, the Board of Patent Appeals and Interferences must not only assure that the 
requisite findings are made, based on evidence of the record, but must also explain the 
reasoning bv which the findings are deemed to support the agencv's conclusion ." 

As fiirther stated in the opinion, "In finding the relevant facts, in assessing 
the significance of the prior art, and in making the ultimate determination of the issue of 
obviousness, the Examiner and the Board of Patent Appeals and Interferences are 
presumed to act fi-om the viewpoint of a person having ordinary skill in the art to which 
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the subject matter pertain; thus, when they rely on what they assert to be general 
knowledge to negate patentability, that knowledge must be articulated and placed on 
the record and the failure to do so is not consistent with either effective administrative 
procedure or effective judicial review .,. . "In the context of an obvious determination, 
the Board of Patent Appeals and Literferences cannot rely on conclusory statements 
when dealing with particular combinations of prior art and specific claims, but must set 
forth the rationale on which it reUes...." "Sound administrative procedure requires that 
an agency apply the law in accordance with statute and precedent; the agency tribunal 
must make findings of relevant facts, and present its reasoning in sufficient detail that the 
court may conduct meaningful review of the agency's action." 

Specifically, the Federal Circuit stated as follows "...The foundation of 
the principal of judicial deference to the rulings of agency tribunals is that the tribunal 
has specialized knowledge and expertise, such that when reasoned findings are made, a 
reviewing court may confidently defer to the agency's application of its knowledge in its 
area of expertise. Reasoned findings are critical to the performance of agency functions 
and judicial reliance on agency competence." (Citations omitted) "The 'common 
knowledge and common sense' on which the Board rehed in rejecting Lee's application 
are not the specialized knowledge and expertise contemplated by the Administrative 
Procedure Act. Conclusory statements such as those here provided do not fulfil the 
agency's obUgation. This court explained in Zurko. 258 F.3d at 1385, 59 USP02d at 
1697, that 'deficiencies of the cited references cannot be remedied by the Board's general 
conclusion about what is 'basic knowledge' or 'common sense.' The Board's finding 
must extend to all material facts and must be documented on the record, least the 'haze of 
so-called expertise' acquire insulation fi-om accountability. 'Common knowledge and 
common sense,' even if assumed to be derived fi'om the agency's expertise, do not 
substitute for authority when the law requires authority. (Citations omitted) 

Appellants respectfully submit that, like the Board in In re Lee , by 
essentially saying that to combine the elements of the references, without a detailed 
explanation as to why or how, was 'common knowledge and common sense' and that 
such is not a substitute for authority when the law requires authority . Consequently, 
Appellants respectfully request that the Examiner provide the authority in the form of the 
above requested affidavit or additional reference/detailed explanation which provide the 
detailed explanation as to how the apertured film having ribs missing element of the 
applied references was provided, as required by the amended claims, and a favorable 
action on appeal is respectfully requested. 
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It is Appellants' position that the Examiner has not and cannot provide 
acceptable reasoning why the specific combination, as now required by the amended 
claims, are obvious without some documented evidence, what specific understanding 
or technological principle within the knowledge of one of ordinary skill in the art 
would have suggested the combination to support the asserted "obviousness" and a 
favorable action on appeal is respectfully requested. 

As is known, it is an incumbent upon the Examiner to present all the 
elements of a prima facia case of obviousness. Thus, the Examiner must explain why the 
prior art appeared to show the claimed subject matter and not simply the general aspects 
of the invention . Further, the Federal Circuit has added that when more than one 
reference or source of prior art is required in estabhshing the obviousness rejection "it is 
necessary to ascertain whether the prior art teachings would appear to be sufficient to one 
of ordinary skill in the art to suggest making the claim substitution or other 
modification." [See, In re: Lalu. 747 F.2d 703, 223 U.S.P.Q. 1257, 1258 (Fed. Cir. 
1984)] Thus, it is not enough that the Examiner present references that contain the 
assorted features of the invention. The Examiner must also show why it would appear / 
that the references would have been combined , [See also. In re: Fritch , 972 F.2d 1260, 
23 U.S.P.Q.2d 1780, 1783 (Fed. Cir. 1992)] This the Examiner has not done and cannot 
do as it is believed that there is no disclosure, suggestion or teaching in either of the 
applied references to combine the applied reference to produce the now claimed filter 
element and a favorable action on appeal is respectfully requested. 

At this point. Appellants believe that they have provided more than 
enough factual and legal reasons to sufficiently overcome any possible rejections the 
Examiner may propose with respect to the appealed claims. 

Specifically, as stated above and numerous times before, there is 
considerable difference between the extruded apertured film with ribs as required by 
the present independent claims and the extruded mesh/net with ribs as recited in the 
Examiner rejection of the independent claims and an opinion acknowledging same is 
respectfully requested. 

^^COMBINATION OF OLD ELEMENTS ^^ 

As the Board surly knows another area of special interest in obviousness 
determinations is for inventions relating to a combination of old elements. The general 
rule relating to the obviousness of an invention that combines old elements is the same as 
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that for inventions that include all new elements. That is, whether it would have been 
obvious to have combined the claimed elements based on the prior art. 


In other words, when an invention is a new combination or arrangement of 


components, such as mechanical components in a mechanical device, the legal 
conclusion of obviousness requires that there be some suggestion, motivation, or teaching 
in the prior art whereby the person of ordinary skill would have selected the components 
that the inventor selected and used them to make the new device. [Heidelberger 
Druckmaschinen AG vs Hantscho Commercial Prods., Inc., 21 F.3d 1068, 1072, 30 
USPQ 2d 1377, 1379 (Fed. Cir, 1993) ("When the patented invention is made by 
combining known components to achieve a new system, the prior art must provide a 
suggestion or motivation to make such a combination."); Northern Telecom, Inc. v. 
Datapoint Corp., 908 F.2d 931, 934, 15 USPQ 2d 1321, 1323 (Fed. Cir. 1990) (it is 
insufficient that prior art shows similar components, imless it also contains some 
teaching, suggestion, or incentive for arriving at the claimed structure)]. 


"[V]irtually all [inventions] are combinations of old elements." [Richdel, 


Inc. V. Sunspool Corp., 714 F.2d 1573, 1579-80, 219 USPQ 8, 12 (Fed. Cir. 1983) 
("Most, if not all, inventions are combinations and mostly of old elements."); 
Environmental Designs, Ltd. v. Union Oil Co., 713 F.2d 693, 698, 218 USPQ 865, 870 
(Fed. Cir. 1983)]. 


The Federal Circuit has explained: 

Combination claims can consist of new combinations of old 
elements or combinations of new and old elements.... Because old 
elements are part of these combination claims, claim limitations 
may, and often do, read on the prior art.... It is well established in 
patent law that a claim may consist of all old elements, such as the 
rigid-conduit system, for it may be that the combination of the old 
elements is novel and patentable. Similarly, it is well established 
that a claim may consist of all old elements and one new element, 
thereby being patentable. [Clearstream Wastewater Sys., Inc. v. 
Hydro- Action, Inc., 206 F.3d 1440, 54 USPQ 2d 1185 (Fed. Cir. 
2000) (citing Intel Corp. v. U.S. Ml Trade Comm'n, 946 F.2d 821, 
842, 20 USPQ 2d 1161, 1179 (Fed. Cir. 1991); Panduit Corp. v. 
Dennison Mfg., 810 F.2d 1561, 1575, 1 USPQ 2d 1593, 1603 (Fed. 
Cir. 1987))]. 

In addition, the Federal Circuit has stated: 

Most if not all inventions arise from a combination of old 
elements.... Thus, every element of a claimed invention may often 
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be found in the prior art.... However, identification in the prior art of 
each individual part claimed is insufficient to defeat patentability of 
the whole claimed invention.... Rather, to establish obviousness 
based on a combination of the elements disclosed in the prior art, 
there must be some motivation, suggestion or teaching of the 
desirability of making the specific combination that was made by the 
applicant. [In re Kotzab, 217 F.3d 1365, 55 USPQ 2d 1313, 1317 
(Fed. Cir. 2000)]. 

Therefore, an Examiner may often find every element of a claimed 


invention in the prior art. If identification of each claimed element in the prior art were 
sufficient to negate patentability, very few patents would ever issue. [In re Rouffet, 47 
USPQ 2d at 1457-58]. Furthermore, rejecting patents solely by finding prior art 
corollaries for the claimed elements would permit an Examiner to use the claimed 
invention itself as a blueprint for piecing together elements in the prior art to defeat the 
patentability of the claimed invention. Such an approach would be "an illogical and 
inappropriate process by which to determine patentability." [Sensonics, Inc. v. Aersonic 
Corp., 81 F.3d 1566, 1570, 38 USPQ 2d 1551, 1554 (Fed. Cir. 1996)]. 


Accordingly: 

To prevent the use of hindsight based on the invention to 
defeat patentabiUty of the invention, this court requires the examiner 
to show a motivation to combine the references tiiat create the case 
of obviousness. In other words, the examiner must show reasons 
that the skilled artisan, confi-onted with the same problems as the 
inventor and with no knowledge of the claimed invention, would 
select the elements from the cited prior art references for 
combination in the manner claimed. In Re Rouffet, 47 USPQ 2d at 


An example of an invention relating to a combination of old elements or 


process steps was given in Fromson v. Advance Offset Plate, Inc, [Fromson v. Advance 
Offset Plate, Inc., 755 F.2d 1549, 225 USPQ 26 (Fed. Cir. 1985)]. In Fromson, the 
claimed invention related to a photographic plate used in printing and for a process of 
manufacturing the plate. The patentee, Fromson, sued Advance Offset for infringing its 
patent. The district court held the process claims obvious over the prior art, and therefore 
invalid. 


On appeal, the Federal Circuit reversed. Significant in the Federal 


Circuit's reversal was the district court's focus on the fact that the claimed process was a 
combination of old steps . As stated by the Federal Circuit: 


1457-58. 
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That each "element" was old at the time the invention was 
made was undisputed in the PTO, at trial, and before this court. 
There is no basis in the law, however, for treating combinations of 
old elements differently in determining patentability. See 
Stratoflex, Inc. v. Aeroquip Corp., 713 F.2d at 1540, 218 USPQ at 
880. 

The critical inquiry is whether "there is something in the 
prior art as a whole to suggest the desirability, and thus the 
obviousness, of making the combination." Lindermann 
Maschinenfabrik GmbH v. American Hoist & Derrick Co., 730 
F.2d at 1462, 221 USPQ at 488 (emphasis added). Id,, 225 USPQ 
at 31 (footnote omitted) (alteration in original). 

Because the District Court was unable to show any 
suggestion to combine the prior art elements, the Federal Circuit 
held the claimed invention nonobvious over the prior art. Id, at 32. 

Thus, even if the Examiner's proposed combination of references were 
operable in the intended environment. Appellants respectfully submit that the present 
claims are patentable in view of the foregoing and an action acknowledging same is 
respectfully requested. 

Specifically, as stated above and numerous times before, there is 
considerable difference between the extruded apertured film with ribs as required by 
the present independent claims and the extruded mesh/net with ribs as recited in the 
Examiner rejection of the independent claims and an opinion acknowledging same is 
respectfully requested. 

The European Patent Office Has Granted a European Patent Containing 
Substantially the Same, if not the Identical Independent Claims as Presenting 

Pending Before the Board 

The following is an example of our effective argument before the 
European Patent Office in the European counterpart application, now allowed, to present 
appealed application. 

A further distinction between the apertured fihn and the extruded mesh is 
the greater abiUty of the apertured film to "nest " when folded. When a material 
containing a 3-dimensional structure is folded onto itself, and when measured produces a 
thickness less than the sum of the 2 layers measured independently, then a "nesting" 
condition of the strands or ribs is taking place. The apertured fihn exhibits the greatest 
ability for the strands or ribs to "nest" due to the primarv strand or rib formation running 
in the machine direction . This rib nesting capability allows for the maximum surface 
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area in the filter's design. In contrast, the extruded mesh possesses a diagonal strand 
relative to the machine direction that, when folded in the machine direction, provides 
only limited "nesting" capability of the ribs . 

To support the above discussion, material samples were measured for 
single layer thickness and folded thickness (ribs facing ribs) using a vernier caliper. 
Calculated % nesting was determined by the equation: 

% Nesting = (2 x Single Layer Thickness - Folded Thickness) / 2 x Single 
Layer Thickness. 




Measured 

Calculated 

Measured 

Calculated 



Single Layer 

2x 

Folded 

% 


Type 

Thickness (in) 

Thickness (in) 

Thickness (in) 

Nesting 

Delnet RC0707-24P 

Apertured Film 

0.006 

0.012 

0.007 

42% 

Delnet RB0707-31P 

Apertured Film 

0.005 

0.010 

0.006 

40% 

Nalle N01716-90PP 

Extruded Netting 

0.018 

0.036 

0.030 

17% 

Nalle N01014-60PP 

Extruded Netting 

0.011 

0.022 

0.020 

9% 

Typar3091L 

Spunbond 

0.005 

0.010 

0.010 

0% 

PTFE Membrane 

Membrane 

0.002 

0.004 

0.004 

0% 


Examples of the nesting capabilities of the various materials measured are shown in the table 


above. As can be seen, apertured film material achieves over double the percent nesting as conpared to the 
extruded mesh material. 

The European primary reference discloses that an "Extruded polymeric 
mesh is generally preferable to other support and drainage materials, including woven 
and non-woven fibrous webs and polymeric netting, because it is so smooth. . (See page 
3, lines 39 - 40). However, claim 1 of the present application specifies "extruded 
apertured film having ribs". Benefits of the apertured film are related to the importance 
of *beads\ 'strands', or 'ribs' nesting to maximise the filter area and thus optimise flow 
performance. The strands of the apertured film, when folded upon one and other, will 
buckle and "misalign" (i.e. not be exactly opposed) creating the optimum nesting 
condition. The nested ribs which are now in a "side-by-side" fiiUy nested configuration 
provide an efficient fluid pathway. 

In contrast, in both the European and the U. S. primary references, carefiil 
strand or bead alignment is required: "Care should be taken in the alignment of the 
support and drainage layer within the comigator to ensure that the beads oppose 
themselves. , ." [European primary reference, European Patent Application No. 0 470 485 
A2, (based upon U. S. Patent No. 5,552,048"), at page 5, lines 35 to 37)]. 

The use of an extruded mesh in either primary reference does not give the 
performance benefits as described in the present claims. The extruded mesh (European 
and U. S. primary references) and apertured film (present claims) have equivalent flux 
capacities; however the material thickness and "nesting capabihties of the two materials 
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are not equivalent . The following tables demonstrate the fundamental problem with the 
extruded mesh material in that the amount of filter media is limited due to increased 
material thickness properties and decreased nesting capabilities, when used in a high area 
filter design, as disclosed in the present application. 

The following table presents the calculated effects of varying the thickness 
and nesting properties of the apertured film versus the extruded mesh on the individual 
pleat thickness of a typical cartridge construction. The pleat thickness without nesting 
effects can be determined by summing the thickness of the individual layers of material 
and multiplying by 2 to arrive at the individual folded pleat thickness (see the table, sixth 
colxmm "2 x Sum of Material Thickness"). The pleat thickness with nesting effects can 
be determined by first multiplying the downstream drainage layer thickness by the 
appropriate nesting % and then summing the thickness of the individual layers of material 
and multiplying by 2 to arrive at the individual folded pleat thickness (see the table, 
eighth column "Individual Pleat Thickness"). 

The following table presents the calculated effects of varying the thickness 
and nesting properties of the apertured fibn vs. the extruded mesh on the individual pleat 
thickness of a typical cartridge construction. The pleat thickness without nesting effects 
can be determined by summing the thickness of the individual layers of material and 
muhiplying by 2 to arrive at the individual folded pleat thickness (reference column "2x 
Sum of Material Thickness"). The pleat thickness with nesting effects can be determined 
by first multiplying the downstream drainage layer thickness by the appropriate nesting 
% and then summing the thickness of the individual layers of material and multiplying by 
2 to arrive at the individual folded pleat thickness (reference column "Individual Pleat 
Thickness"). 


Rfter Media 

Upstream 


Downstream 

Downstream 

2xSumof 

% Nesting 

Individual 

Reat 

Support 

Membrane 

Support 

Drainage 

Material 

of DcKMistream 

Reat 

Design 

Thickness (in) 

Thickness (in) 

Thickness (in) 

Thickness (in) 

Thickness (in) 

Drainage 

Thickness 

A 

0.004 

0.002 

0.004 

0.005 

0.030 

40% 

0.026 

B 

0.004 

0.002 

0.004 

0.018 

0.056 

17% 

0.050 

C 

0.004 

0.002 

0.004 

0.010 

0.040 

9% 

0.038 


Reat Design A* Typar 3091L7PTFE Membrane^ Typar 309117 Apertured Rim (Delnet RB0707^1P) 
Reat Design B: Typar 3091L/PTFE Membrane^Typar 3091 L/ Extruded Mesh (Nalle N01716^PP) 
Reat Design Q Typar 3091 L/PTFE Membrane^ Typar 3091IJ Extri^ 


Filter design A, which utilizes the apertured film , provides significantly 
more nesting capability than the extruded mesh materials. This additional nesting 
capability allows for a smaller individual pleat thickness, which provides for the 
greatest filter area in a cartridge . 
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The amount of filter media that can be packaged into a 10 inch cartridge 
with a centre core of outer diameter 1.73 inches and an outer cage of inner diameter of 
2.646 inches can be determined in the following manner. 

Pleat Pack Length = Center Core Dia x 3.14 = (1.73" x 3.14) = 5.435" 

Number of Pleats per Cartridge = Pleat Pack Length / Individual Pleat 
Thickness = (5 .43 5 "/0. 026") = 209 pleats 

Effective Media Length = 2x Pleat Height x Nimiber of Pleats per 
Cartridge = (2 x 0.44" x 209) = 184" 

Total Effective Filter Media (10" Cart) = Effective Media Width x 
Effective Media Length = 9.16" x 184" = 1685 sqin. 

Total Effective Filter Media m Sq Ft = 1685 sqin / 144 = 1 1 .7 sqft 

The example above utilized the pleat design A which contains the 
apertured fibn. A similar calculation can be made utilizing the extruded nets of pleat 
design B and C. 

The following table shows 10 inch cartridge areas for both apertured film 


Filter Media 

Individual 

Total 

10" Cartridge 

10" Cartridge 

Pleat 

Pleat 

Pleats 

Area 

Flow 

Design 

Thickness 

per Cartridge 

(sqft) 

(gpm/psid) 

A 

0.026 

209 

1 1.7 

4.1 

B 

0.050 

109 

6.1 

2.1 

C 

0.038 

142 

8.0 

2.8 


and extruded mesh constructions. 


Predicted product flow rates can then be determined in the following 

manner: 

10'' Cartridge Flow = 10" Cartridge Area x Filter Media Flow = (1 1.7 sqft 
X 0.35 gpm/psid/sqft) = 4.1 gpm/psid 

The predicted results demonstrate the improved flow performance benefits 
expected of a filter design using an apertured film when compared to the extruded mesh . 

The predicted results demonstrate the substantially improved flow 
performance benefits expected of a filter design using an apertured film when compared 
to the extruded mesh design of the prior art. 

The expression 'apertured element' in claims 1 and 1 1 has been replaced 
with 'apertured film' to conform to the description, e.g. at page 11, line 9. 

For the Boards' review, Appellants have attached hereto, in the Evidence 
Appendix, copies of the INTERNATIONAL PRELIMINARY EXAMINATION 
REPORT fi-om the PCT and the Communication under Rule 51(4) EPC including a copy 
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of the approved text for the corresponding about to issue European patent. As the Board 
will note, in the INTERNATIONAL PRELIMINARY EXAMINATION REPORT, 
according to the European Examiner at POINT V, "The closest prior art is Dl (US Patent 
No. 5,552,048) which discloses an extruded mesh material for the downstream support 
layer 24 having grabs (See figure 3 and accompanying description). The subject matter 
of claim 1 is new over Dl by providing an extruded apertured film material having 
ribs. As demonstrated by the applicant with comparative experiments in his letter of 
01.10.2004 an extruded apertured film material having rips (sic ribs) gives a 
surprisingly greater ability to "nest" when folded than the extruded mesh material of Dl. 
The advance each of the use of an extruded apertured film material having rips and 
conjunctions with the use of an extruded mesh material having rips as disclosed in the 1 
is a higher number of pleats and thus a greater filtering surface for cartridge of the same 
dimension. Thus the subject matter of claim 1 and the dependent claims therefrom fulfill 
the requirements of Articles 33(2) and 33(3) PCT." Since there is no mention of "rips'* in 
the application, it is apparent that the term rips is a misspelling and that the term "ribs" is 
intended by the INTERNATIONAL PRELIMINARY EXAMINATION REPORT. As 
the Board will note, the secondary applied reference, Pall (U.S. Patent No. 4,033,881), as 
applied in the present Office Action, is Reference D9 in the European Patent Office 
Notification of Transmittal of the Intemational Preliminary Examination Report and 
appears to be considered as only background art by the European Examiner. 

As should be abundantly clear, the European Patent Office does not have 
any of the clarity problems as expressed by the USPTO Examiners in their denial of the 
request for reconsideration stating that the response has been considered but does not 
place the appUcation in condition for allowance because: "...It is unclear how applicant's 
claimed "extruded apertruded film" and preferred material of manufacture for the second 
downstream support Delstar Delnet differs structurally from Miller in view of Pall's 
extruded apertured film." 

As the Board will note, the US primary reference was not even considered 
relevant in Europe and it would appear that The European Patent Office understood that 
the material provided by Appellants clearly distinguished the appealed claims fi-om the 
best prior art and a Board opinion acknowledging same is respectively requested. 

CONCLUSION 

The claims on appeal clearly recite a new combination of elements that 
have been determined to be novel and possess an inventive step by the European Patent 
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Office and has been clearly shown to be patentable over all applied references as well as 
the best references available in that the claims on appeal are new over all references by 
providing an extruded apertured film material having ribs. As demonstrated by the 
Appellant with comparative experiments an extruded apertured film material having 
ribs gives a surprisingly greater ability to "nest" when folded than the extruded mesh 
material of the appUed references. 

For the reasons discussed above, the reasoning forming the basis of the 
Examiners Final Rejection are not in accordance with Federal Circuit precedents, is 
technically incorrect and the Examiner has clearly failed to prove a prima facie case, as 
numerous elements of a valid prima facie case were not met. 

Accordingly, for the foregoing reasons, reversal of the Final Rejection of 
Claims 1-17 and 20-22 is believed to be warranted and such action is earnestly solicited. 

Authorization is hereby given to charge deposit accoimt no. 033879 for a 
two-month extension of time for filing this Appeal Brief and the fee for filing this Appeal 
Brief 


Date: 


2} I r/oh 



is rayne 
Reg. No. 30,674 

CUNO Incorporated, a 3M company 
400 Research Parkway 
Meriden, CT 06450 
(203)-238-8737 (office) 
(203) 238-8716 (fax) 
rpayne2@mnmi.com 


CERTIFICATE OF MAILING 

I hereby certify that this correspondence is being deposited with the United States Postal Service with 
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, 
Alexandria, VA 22313-1450 on the date indicated below. 

Date: ^-l^'Oh 

Mary K Rudaiti^ 
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1. (currently amended) A filter element, comprising: 
a filtration media; 

an upstream filtration media support positioned upstream fi-om and in 
5 contact with the filtration media; and 

a multi-layer downstream filtration media support positioned downstream 
from the filtration media, the multi-layer downstream support including a first 
downstream support layer and a second downstream support layer, wherein: 

the first downstream support layer is in contact with the filtration media 
10 and is interposed between the filtration media and the second downstream layer, the first 
downstream support layer is fabricated so as to minimize points of surface contact with 
the filtration media; and 

the second downstream support layer is in contact with the first 
downstream support layer and is fabricated so as to facilitate lateral fluid flow relative to 
15 the multi-layer downstream pleat support, wherein the second downstream support layer 
comprises an extruded apertured fihn having ribs. 

2. (Original) A filter element as recited in Claim 1, wherein the filtration 
media is a pleated filtration media having a plurality of longitudinally extending pleats. 

3. (Original) A filter element as recited in Claim 2, wherein the 
longitudinally extending pleats of said pleated filtration media are selected from the 
group consisting of radial pleats, w-pleats and spiral pleats. 

4. (Original) A filter element as recited in Claim 1, wherein the filtration 
media is a microporous filtration membrane having a pore size of from about 0.1 microns 
to about 10 microns. 

5. (Original) A filter element as recited in Claim 1, wherein the filtration 
media is fabricated from a material selected from the group consisting of Teflon, nylon, 
polyaramide, polyvinyhdene difluoride, polyether sulfone and combinations thereof. 

6. (Original) A filter element as recited in Claim 1, wherein the multi- 
layer downstream support consists of said first downstream support layer and said second 
downstream support layer. 

7. (Original) A filter element as recited in Claim 1, wherein said first 
downstream support layer is fabricated from a nonwoven material. 

8. (Original) A filter element as recited in Claim 7, wherein said 
nonwoven material is laminated to said filtration media. 

9. (Original) A filter element as recited in Claim 7, wherein said 
nonwoven material is fabricated as a spunbond, spunlace, airlaid or wetlaid material. 
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10. (Original) A filter element as recited in Claim 7, wherein said 
nonwoven material is fabricated from polypropylene, polyester or polyamide. 

11. (Original) A filter as recited in Claim 1, wherein said second 
downstream support layer is an extruded apertured element. 

12. (currently amended) A filter element, comprising: 
a filtration media; 

an upstream pleat support positioned upstream firom and in contact with 
the filtration media; and 

a multi-layer downstream pleat support positioned downstream fi-om the 
filtration media, the multi-layer downstream support including at least a first downstream 
support layer and a second downstream support layer, wherein: 

the first downstream support layer is in contact with the filtration 
media and is interposed between the filtration media and the second downstream layer, 
the first downstream support layer is fabricated so as to minimize points of surface 
contact with the filtration media; and 

the second downstream support layer is in contact with the first 
downstream support layer and is fabricated so as to facilitate lateral fluid flow relative to 
the multi-layer downstream pleat support, wherein the second downstream support layer 
comprises an extruded apertured fihn having ribs. 

13. (currently amended) A filter cartridge comprising: 

a filter element having a longitudinal axis, an outer periphery and 
an inner periphery, and including a filtration media; an upstream filter media support 
positioned upstream fi-om and in contact with said filtration media; and a multi-layer 
downstream support positioned downstream firom the filtration media, the multi-layer 
downstream support including a first downstream support layer and a second downstream 
support layer, wherein: 

the first downstream support layer is in contact with the filtration 
media and is interposed between the filtration media and the second downstream layer, 
the first downstream support layer being fabricated so as to minimize points of surface 
contact with the filtration media; and 

the second downstream support layer is in contact with the first 
downstream support layer and is fabricated so as to facilitate lateral fluid flow relative to 
the multi-layer downstream filter media support, wherein the second downstream support 
layer comprises an extruded apertured film having ribs; 

a perforated cage surrounding the outer periphery of the filter element; 
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a perforated core sxirrounded by the imier periphery of the filter element; 

and 

end caps enclosmg both ends of the perforated cage. 

14. (Original) A filter cartridge as recited in Claim 13, wherein said first 
downstream support layer is fabricated firom a nonwoven material. 

15. (Original) A filter cartridge as recited in Claim 14, wherein said 
nonwoven material is laminated to said filtration media. 

16. (Original) A fiUer element as recited in Claim 14, wherein said 
nonwoven material is fabricated as a spunbond, spunlace, airlaid or wetlaid material. 

17. (Original) A filter element as recited in Claim 14, wherein said 
nonwoven material is fabricated firom polypropylene, polyester or polyamide. 

18. (Cancelled) A filter element as recited in Claim 1, wherein said 
second downstream support layer is an extruded apertured element. 

19. (Cancelled) A filter element as recited in Claim 1, wherein said 
second downstream support layer is an extruded apertured element having ribs foraied on 
one side. 

20. (Original) A filter cartridge as recited in Claim 13 wherein the 
perforated cage is equipped with end caps at both ends thereof. 

21. (Original) A filter cartridge as recited in Claim 13 wherein said 
perforated core is a cylindrical core and is coaxially positioned within the filter element 
which is a cylindrical filter element and the cage is likewise cylindrical and is coaxially 
positioned about the cylindrical filter element. 
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22. (currently amended) A filter cartridge comprising: 
a filter element having a longitudinal axis, an outer periphery and an inner 
periphery, and including a filtration media; and a multi-layer downstream pleat support 
positioned downstream fi^om the filtration media, the multi-layer downstream support 
including a first downstream support layer and a second downstream support layer, 
wherein: 

the first downstream support layer is in contact with the filtration 
media and is interposed between the filtration media and the second downstream layer, 
the first downstream support layer being fabricated so as to minimize points of surface 
contact with the filtration media; and 

the second downstream support layer is in contact with the first 
downstream support layer and is fabricated so as to facilitate lateral fluid flow relative to 
the multi-layer downstream pleat support, wherein the second downstream support layer 
comprises an extruded apertured fihn having ribs; 

a perforated cage surrounding the outer periphery of the filter element; 

a perforated core surrounded by the inner periphery of the filter element; 

and 

end caps enclosing both ends of the perforated cage. 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally fifed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70, 17)): 

Description, Pages 

1-19 as originally filed 

Claims, Numbers 

1 -1 3 received on 04. 1 0.2004 with letter of 01 . 1 0.2004 

Drawings, Sheets 

1>2-2£ as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andA)r 55.3). 

3. With regard to any nucleotide andA>r amino acid sequence disclosed in the International application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 
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Claims 

1-13 


No: 

Claims 


Industrial applicability (lA) 
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Claims 
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International application No. PCT/US 03/29987 


EXAMINATION REPORT - SEPARATE SHEET 


The following documents are cited in the Int. Search Report: 

D1: EP-A-O 470 485 (PALL CORP) 12 February 1992 (1992-02-12) 

D2: US-A-5 374 354 (VANDERZYDEN HENRY R ET AL) 20 December 1994 (1994-12-20) 

D3: EP-A-0 048 310 (INCOM INT INC) 31 March 1982 (1982-03-31) 
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09: US-A-4 033 881 (PALL DAVID B) 5 July 1 977 (1 977-07-05) 


The closest prior art is D1 which discloses an extruded mesh material for the 
downstream support layer 24 having rips (see figure 3 and accompanying description). 

The subject matter of claim 1 is new over D1 by providing an extruded apertured film 
material having rips. 

As demonstrated by the Applicant with comparative experiments in his letter of 
01.10.2004 an extruded apertured film material having rips gives a surprising greater 
ability to "nest" when folded than the extruded mesh material of D1 . The advantage of 
the use of an extruded apertured film material having rips in comparison with the use of 
an extruded mesh material having rips as disclosed in D1 is a higher number of pleats 
and thus a greater filtering surface for a cartridge of the same dimension. 

Thus the subject matter of claim 1 and the dependent claims thereof fulfil the 
requirements of Articles 33(2) and 33 (3) PCT. 


POINT V 


The description is not adapted to the new claims and D1 is not discussed therein. 


1. A filter elero<^ comprising: 
a filtration media; ■ 

an upstream filtration media support positioned upstream firom and in contact with 
said filtration media; and 

a multi-kyer downstream filtration media support positioned downstream fi:om said 
filtration media, said multi-layer downstream support including a first downstream support 

ho) 

layer and a second downstream support layer, wherein: 

(a) said first downstream support layer is in contact with said filtration media and 

^ (22) 
is interposed between said filtration media and said second downstream layer^ 

said first downstream support layer is febricated so as to minimize points of 

surface contact with said filtration media; and 

(22) 

(b) said second downstream support layer^is in contact with said first downstream 
support layer and is fabricated so as to facilitate lateral fluid flow relative to 

said multi-layer downstream pleat support, wherein said second downstream 

(21) fw^ . 

support laj^r comprises an extruded apertured eiettest having nbs. 

2. A filter element as recited in Claim 1 , wherein the filtration rop^ls a pleated 
filtration media having a plurality of longitudinally extending plea^. ^ 

3 . A filter element as recited in Claim 2, wherein the longitudinally extending 
pleatsof said pleated filtration melt^axe selected from the group consisting of radial pleats, 
w-pleats and spiral pleats. 

4. A filter element as recited in Claim 1 , wherein the filtration media^is a 
microporous filtration membrane having a pore size of fix)m about 0.1 microns to about 10 
microns. 

5 . A filter element as recited in Claim 1 , wherein the filtration media is 
fabricated firom a material selected from the group consisting of Teflon, nylon, polyaramide, 
polyvinylidene difluoride, polyether sulfone and combinations thereof 
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suppoSwnsists of said fir^wnstreara support layer and said second d^tream support 
layer. 

7 A filter element as recited in Claim 1 , wherein said first downstream support 
layer M febricated from a nonwoven material. 

8 A filter element as recited in Claim 7. wherein said nonwoven material is 

(0 

laminated to said filtration media. 

9. A filter element as recited in Claim 7. wherein said nonwoven material is 
fabricated as a spunbond, spunlace. airlaid or wetlaid material. 

10. A filter element as recited in Claim 7. wherein said nonwoven material is 
fabricated from polypropylene, polyester or polyamide. 

fllM (12) 

11. A filter as recited in Claim 1, wherein said extruded apertured efemeat has nbs 
on one side. 


12. A filter element, corapri^ 
a filtration media; 

an upstream pleat support positioi^ed upstream from and in contact with said filtration 
media; and 

a multi-layer downstream pleat sup^rt positioned downstream from said filtration 
media, said multi-layer downstream support\ncluding a first downstream support layer and a 
second downstream support layer, wherein: 

(a) said first downstream support l^er is in contact with said filtration media and 
is interposed between said filtraA)n media and said second downstream layer, 
said first downstream support layW is fabricated so as to minimize points of 
surface contact with said filtrationlmedia; and 

(b) said second downstream support laVer is in contact with said first downstream 
support layer and is fabricated so a^to facilitate lateral fluid flow relative to 
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i ritd inolm l infl a fil tra tion Tnutlm ;\"" npnuuum - „.,„r,r»rtnositioned 

■ r. M fiitr^rionVedia; and a multi-layer downstream sapport positione 

.owns^ea. support and . sec^U -PP"" 

of ^c. contort witb ffl'V"°=** 

filter mefia support, wherein said second 
said multi-layer downstream tiltermeoj&i. vv > 

Ir d ay uxLuin d n 1f i m""-^^''^"^f^- 

aperforat^c^^^-^ed^^e^^^ 

end ca^iclosingboth ends of the perforated cage. 

* A « rutin 13 wherein said first downstream support 

14. A filter cartridge as rd«ted m Clami 13. wner 

layer is febricated from a nonwoven mWial. 

\;« rifltm 14 wherein said nonwoven material is 

15. A filter cartridge as recited% Claun 14. wner 

laminated to said filtration media. \ 

1,. Afilterclementasr^itedincU 14. wherein said nonwoven material is 

fabricatedasaspunbond.spunlace. airlaid or A^aid material. 

■*.A in riaim\4 wherein said nonwoven matenal is 
17. A filter element as recited m Claim 

fabricated from polypropylene, polyester or poly 

22 ■ 


19. A filter element as recited in Claim 1 3 , wherein said seconSTdownstream 
support layer is an extruded apertured eleinent having ribs formed on one side. 

20, A filter cartridge as recited in^laim 13 wherein the perforated cage is 
equipped with end caps at both ends ther eof 

l3 . V*H A filter cartridge as recited in Claim^ wherein said perforated core^s a 
cylindrical core and is coaxially positioned within the filter element which is a cylindrical 
filter element and the cage is likewise cylindrical and is coaxially positioned about the 
cylindrical filter element. 


"^2. A filter cartridge comprisW: 

a filter element having a longitudiLl axis, an outer periphery and an inner periphery, 
and including a filtration media; and a multi-layer downstream pleat support positioned 
downstream from said filtration media, said\nulti-layer downstream support including a f^st 
downstream support layer and a second downstream support layer, wherein: 

(a) the first downstream support lak^er is in contact with said filtration media and 
is interposed between said filtration media and said second dovmstream layer, 
said first downstream support la^er being fabricated so as to minimize points 
of surfece contact with said filtration media; and 

(b) the second downstream support layer is in contact wifli said fi^^^ 

support layer and is fabricated so asUo facilitate lateral fluid flow relative to 
said multi-layer dovmstream pleat sdbport, wherein said second downstream 
support layer comprises an extruded dpertured element having ribs; 

a perforated cage surrounding the outer periphery of the filter element; 

a perforated core surrounded by the inner periphery of the filter element; and 

en4 caps enclosing both ends of the perforated lage. 
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FILTBRBUEMBHT II!»Ca.XJDIHQ FILTRATIOM MEDIA WITH NOLTI-LKSrER PIiEAT SUPPORT 

10 

MSLAmBDAfl'IJOATION 

ji ^i.^ ti M it «j % |r.i;nntiftTi f>in4nin '„ If T p r i TrvifTinnnT Pnlnnf Applic a tion 
Cmiul ITu. 60/'I13>990 fllHd SbpLBiima 2.6, 2002, Out dJtmlUiiurB of WMJll m l^tf(J^pu^^ ^ ,l(^ 
15 4imrHi by rpfhrnopi - 

PAggg^QUrq) of 7ms Di^fflLpgURB 

1. Technical Field ' ; . 

The present disclosure relates to fluid filtration devices and, more particularly; 
to pleated filtecs having at least two downstream sujjport layers* fhereby enhmrm^ 
20 . filtration perfbnnancearuiinqxrovin^flow/t^ 

2. P^P^fmm^ gjTthe Bftlated Art 

Filtration is (he process of separating particles, or contaminants fiom a fluid 
(liquid or gas)^ and can be accomplished by passing the fluid ibrougji a porous filter 
25 medium fliat stops or captures Ihe particles while pemiitting &e fluid to pass fhere 
through. Such fluid filtering is used extensively in the manu&cture of polym^ 
products, medicinal products« mineral and metallurgical processing, petroleum refinmg 
water purification, emissions control, and in beverage and fi>od preparation. 

Over flie years, the design of qdindrical pleated filter cartridges has involved 
30 e£forts to maximize fbe amount of filter media or fibe available sur£su» area tiiat may be 
fit into a filter cartridge having a given outer diameter ^thout adversely effectiDg flow 
or filter life. Pleated filter elements have flow ^te and throughput limitations 
associated with fbe mayimum amount of filter media that can be packaged into a pre- 
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defined fater envelope, finpiovemeats m filter performance can be difficult due to 
laigepre-estabfiahed feMy standardized customerbases which utilize a common filter 
housing of design dimensions, and configuration within which flie filter elements are 
enclosed accq)ting only one or more filter elements of a specific size. A major 
challenge of filter designers is to increase the filtering edacity of a filter element, ie., 
the usable sur&ce area without altering its external dhnensions so that die filter element 
can be employed with existing filter housmgs. 

Ctae method fi)r improving filter flow and throughput performance of plea^ 
filter elements is to increase the amount of filtration media present in the filter. This 
can be accomplished by reducing the thickness of both the filtration media and the pleat 
siqjport and drainage medium or materiab. Howeyer, reducing the thickness of the 
filtration media potentially compromises retention properties of the filtration device^ 
i-e., removal of particulates by sievmg or tn^jpiAg within the filtial^ 
Fnifliennort^ the use of increasingly thinner supports can have a negative efiEbct on flow 
IS andl 


Design efforts directed to optimizing filtration performance have yidded 
various pleat designs and pleat configurations aimed at mcreasing filtration area, e.g., 
through modified pleat geometries such as "spiral" or "muM-pIeaf ' constractions. 
However, the use of spiral and multi-pleat designs typically requites utifization of a 
smaHer core to realize the desfred benefits. While a smaller core is not always a serious 
limitation for Uquid plications, it is a serious Kmitation fiir gas plications vAere 
flow losses fhroujgh a smaller core can be significant 

Mth reference to prior art pleat designs, m a standard radially pleated filter 
cartridge, such as that disclosed in aS.Patent No. 3.692,184 to MiUer, Jr. et al., the 
25 amount of filtermediathatmay be packed into thecartridge is Ihnited by the number of 
pleats that caiibe packed about the cartridge core. Consequently, there is a substantial 
amount of empty space between adjacent pleats at the outer periphery of flie filter 
element Accordingfer, in a typical cylmdrical pleated filter cartridge, there is a great 
deal of unused space between adjacent pleats as the distance from the center of the core 
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increases. Further, the pleats are highly compressed at the inner penqphery which can 
impede flow due to support conq[)ression. 

A cylindrical filter element having a radiaUy extending W-pleat configuration, 
such as lhat disclosed in U.S. Patent No, 3,799,354 to Buckman et aL, rcpresente an 
5 alternative to a standard radially pleated filter element The radial W-pleat 

configuration minimizes pleat spacing and provides added sur&ce area about the outer 
periphery of the filter element by providing relatively short pleats that extend radially 
inward 6om the outer periphery of tiie Slter between every two pleats of standard 
height. The short pleats are the same height and arise at a uniform firequency about the 

10 circumference of flie filter, Le., there is one short pleat between every two fiill length 
pleats. These shorter pleats occipy the open space near the outer periphery of the filtar 
element, but do not maximize the amount of filter media daat can be disposed within the 
cartridge, as some empty space still remains between the pleats. One problem-: . 
associated with the W-pleat construction is a less than optimum pleat density. The 

15 radial W-pleat construction also suffers from the effect of pleat migration, in dial the 
shortened pleats tend to move radially inward towards the central axis of the filter. 
This migration is undesirable as it can cause binding, blockages^ increased pressure 
drops across the filter, reduced filter life and potential to the fitter media. 

U.S. Patent No. 4,033,881 to Pall discloses filter cartridges corrq}rising a 
20 pluraUtyofkyerpq)^ sheet filter sheets of different pore sizes lOiatm^^ 

foraminous relatively rigid support and drainage members having greater rigidity than 
the p^er filter media- According to the Pall '881 patent; "suitable foraminous external 
and internal supports can be made of metal or plastic, and can be, for example in tiie 
foma of perforated sheets or plates, or woven or nohwoven or extruded iiettin& made of 
25 plastic filaments or extrusions." [CoL 3, lines 63-67.] As finiher described in the Pall 
•881 patent, the extruded plastic netting can be provided in a variety of patterns, 
including an open weave pattern with wlruded links of equal diameter in both 
directions, or with extruded links wider in one direction than in another, forming ribs 
extending lengthwise, or crosswise, or circumferentially, of the netting. [See generally, 
30 U.S. Patent No. 4,033,881, cols. 3 and 4.] 
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Aspiial pleat fflterelOTmt is conipand)letoastandaid pleated 
includes apluraUtyoflaagitudmal pleats disposed m 1,1a 
spiral pleat filler, however, the ends of the pleats aie loUed over to minimize the 
spacing between adjacent pleat sor&ces near an outer diameter of the filter elemeut, 
5 suchthatmotefiltersurfoceareacanbeprovidedinafilterofequaldiameter. 

AconventionalspiralpleatedfilterelementisdisclDsedinU:S.Fat«ntNo. 
5,543,047 to Stoyell et al. The spiral pleated fitter element of the StoyeH W patent 

con5)risesalhree layer composite ofafilter medium, an i?)streamdraii^ 
disp osed upstream relative to the filter medium, and a downstream drainage layer 
10 disposeddownstieamrelativetathefiltermedium. The drainage layers disclosed in the 
Stoyell '047 patent "canbeiafiiefenn of amesh or scieenoraporous woven ornon. 
wovaxsheet" [CoL 5, lines 52-53.] IheStoyeU '047 patent discloses a dndnage layer 
that takw the fimn of an ejctruded polymeric mesh oriented and configmcd s^ 
<5)po8Uigsurfice8 of a^acent pleats aieminthnate contact Witt one anott^ 
15 substantial portion ofthelengfliofthe filter dement. 

AdfKtional patents directed to q>iral pleat filter devices inctad^ U.S. PatentNo. 
2,395,449 to Biiggs, and U.S. Patent No. 6,1 13,784 to StoyeU et aL 

A further W-pleat design is disdosed in U.S. PatentNo. 6.3 15,130 to Olsen. 
WhUe both &e qnral pleat and the W-pleat designs provide surfiwe-type filters 
with hwaeased filter snifece area, the spiral pleat designs do not have the pl^ 
niigrationprDblemsassodated with fee W-pIeatdesigns. Ascon5)aredwithaW-pIeat 

filter, however, the rolled-over pleats ofaspiralpleatedfilter provide fewer and more 
difficult to access ladid flow paths near flie outer diameter of the filter, leading to a 

greaterptessiire drop across the filter. M addition, the roUed-over pleats of a spiral 
pleated filter provide bnger flow paths and. therefore, a greater chance of the flow 
pafts becoming blocked in high load or large partide contaminant ^pUcations. 

Despite efforts to date, there is a continuing need fbr filter designs Oat oflEer 

inciBased filter area surfece, improved flow/tfarou^ut fora given filter cartrid^ 
and design and whidi are conducive to bring inserted in an dongated cylindrical 
30 cartridge and pievait pleat migration. 
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BP 0470485 discloses a pleated filter elmient having longitudinally 
e>rtending pleats and a wap member wrapped around the filter meanber. The 
pleated filter elranent may comprise a composite having first and second extruded 
polymeric mesh layers and a filter layer positioned between item. The mesh can 


5 be fabricated from any polymeric material, including polyester^ polypropylene or 
polyamide. EP '485 teaches thai retruded polymeric mesh is generaDy prefia^le 
to other support and drainage material, including woven and nonwoven fibrous 
webs and poljoneric netting. Polymeric beads may be applied along the 
downstream surfece of the downstream support and drainage layer. EP '485 also 

iO teaches a method of applying continuous parallel beads by the application of a hot 
mdt adhesive fit>m an unevenly spaced multi-orifice dispensing head. - 
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SUMMA^RY o f TRR nifZ CLOSUKE 

According to one aspect, the present invention pwddes for a filter element 
as in claim 1. 

According to ano&er aspect the present invention provides for a filter 
cartridge as in claim 12. 

According to the present disclosure, advantageous filter dements may be 
prD^dded ftal offer superior filtration pcrfdnnance including in5)roved flow fer a given 
fiBer cartridge ti^e^design, the latter being achieved through the selection of support 
m a terials that act cooperatively to improve total flow. 

A filter dement constructed according to the present disclosure includes a 
filtration media, an ipstream pleat siq>port positioned Tq)str^ and in contBct with the 
filtratian media, multi-layer downstream pleat supports positioned downstream from 
the filtration media, including a first downstream sapp ort layer and a second 
downstream si^ort layer: 

(a) The first downstream support layer is in contact wifli the 
filtration media and is interposed between the fiteation media and &e 
second downstream layer, with the first downstream support layer 
having been fabricated so as to minimize points of sui&ce contact with 
the filtration media. 

(b) The second downstream support l^er is in contact with 
file first downstream support kycr and is fibricatoi so as to fiK^ 
lateral fluid flow relative to the mdti-layer downstream pleat siqjport 

Moieparticulaify, the multi-layer downstream pleat support includes a first 
downstream siq5>ort layer and a second downstream si5)portlayfir» The fust 
downstream siqjport layer is interposed between Ihe filtration media and the second 
downstream si^port layer and is fihricated so as to mininii^ ' 
with the filtration media, thereby eaahancing fluid flow away firom flie filtration media. 
The first downstream support is fabricated fiom a material that contacts the membrane 
in as few locationB as possible so as to allow the fluid, whether it be liquid or gas, to 
egress fitan flie filtration media and into the second downstream s\3pport layer located 
just below. Suitable materials for use in fabricating the first downstream support layer 
are non-woven materials characterized by high airpenneabih'ty, low thickness, high 
strength, low fiber diameter and/or a relatively soft feel to prevent abrasion of flie 
filtration media. Preferred examples of materials for febricating the first dov^-nstream 
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support layers are polypropylene or polyesters. Jn an alternative embodiment, the first 
downstream support layer can be fabricated of a nonwoven material that is laminated to 
the fatration media. However, if is generally preferred to provide the first downstream 
support layer in non-laminated juxtaposition relative to tiie filtration media, thereby 
5 improving flow througji the first support layer and the filtration media, e.g-, by as much 
as3to5%. 

Accotrding to the present disclosure, the second downstream support layer is in 
contact with the first downstream siqq)ort kyer and is Mri 

lateral fluid flow. Preferably, the second downstream support layer is fabricated 6om 
10 an extruded aperbired film material, and preferably an apertured film material having 
xib(s) formed on one side. The lib(s) advantageously maintain a gap when the pleated 
filtration media is folded onto itself, thereby greatly improving lateral fluid flow. 

The inventors herein have established (infira) that elunmating either tli^ first or 
the second downstream sipport layer will degrade the performance of the filter* The 
15 first downstream 8tq>port layer, which is typically fibricated fix>m a nonwoven material, 
does not provide optimum lateral flow. Likewise, the extmded apertured film would 
disadvantageously efifect a sealed contact against the filtration media if placed directly 
against i^ thereby limiting fluid egress ftom the filtration media to aperture locations. 
The addition of the siq)port layers to the filter design allows an increase in the media 

20 area without resorting to different pleat designs, larger geometries or ever thinner 
supports, despite the J&ct that the additional support laj^ers efiectively add thickness. 
The relatively thin filtration media is cq)able of increased packing by pressing flie 
pleats together more closely, but in prior art systems, the increased area associated with 
tight packhig does not result in increased flow because the support materials are closely 

25 pinched together. It has uow been found that multiple downstream siq>port layers 
are employed, as described in the present disclosure, the higher filtration area will 
beneficially lead directly to improved flow because the transport of the fluid fiom the 
downstream layers to the core will not be impeded. However, even when the filler 
element is constructed with less filtration area, the construction in accordance with the 

30 invention provides improved flow rate and improved flux, i.e., flow per area. 
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The filtration media may take a variety of fonns, as aie known in the art 
Pleated filtration media having a pluraK ty of ] ongitudinaUy extending pleats may be 

advantageously incoipor^ed into filter elements a(xording to the pi^eiit d^^^ 
The specific pleat geometry is not critical to the superior perfonnance achievable 
• accordingtothepresentdisclosure. Radial pleats, W-pleais and spiral pleats are 
exemplary pleat geometries contemplated for use hetem. 

The disclosed filter elements msy be ntiKzed in fitter cartridges, pre^ 
cylindrical cartridgesdthou^thefilterelemeiitBmaybensedtoequal adv^ 
nonsjylindrical filtration devices (planar filtratian devices) and nort-radial pleat 

coristmctionsCspiial pleats), to pmvidceirfiancedfiltmtionpecforma^ e.g.. byway of 
increased media area and improved flow. An exaiq,laiy filter cartridge according to the 
prBsentdisclosurBinchidesafilterelemeathavmgalongitiidmalaxis,a^ 
perq)heryaiidanimierpec«)hfity. The filter element ^icallyim*ides a filtration 
media, an tqwfream pleat si^jport positioned upstream fiwn and in contact with said 
filtrafionmedia, andamulti-layer downstream pleat support positioned downst^ 
fiom8aidfiltiationmedia.a8di8closedher«in. Exemplary filter cartridges accordmg to 
fliepwsentdisclosurealsotypicanyinctadeaperfoiated. preferably c^^ 
sunomiding &e outer periphery of the filter el^nent. a perforated, preferably 
cylindrical, core surrounded by the imier periphery of the filter element coaxially 
positionalbetweenlhecoreandthecage. The cartridge assembly is coaxially 
positioned within the cage. It is necessary to seal the ends of the pleated element to 
preventflowfiom bypassing around the edges. As is well known in the art. this is 
accomplished tiuough the use of end caps. The end cap must be made of a material 
whidi first achieves a flow state so it can envelope the edge of the pleat stmctui* and 
then harden to make a permanent seal One typical means of accomplishing this 

sealing action is through use ofathermomeltmaterial such as polypiopyienei 
polyethylene or polyester, which reaches the melt state tiiiougfa heatiflg and hardens 
with coohng. An alternate method would be to use a thermoset, such as epoxy, or a 
thermoplastic, such as santoprene, which are ma liquid state initiaUy but hard^ upon 
cure. Theterm"hard'»asusedhereinisrelativeassantopreneisanelastomeric 


wo 2004/028660 


[AIPAM^^ 

8 


PCT/nS2003/029987 


material. ' It is highly preferred that the end caps also embed the cage and core to 
provide the filter with added rigidity and strength. 

Jn accordance with an embodiment of the invention, in a separate step, the end 
caps are bonded with an ad^ter element that permits the filter to fit into difiFermt 
housings. However, it is also well known to combine end cap and adq)ter fimction into 
one part 

In accordance with an embodiment of the invention, in a separate step the end 
caps are combined with an adapter element to form a single part that allows ttxe filter 
element to more easily be fitted into the filter housing. 

The non-cylindrical filtration devices and the non-radial constructions likewise 
benefit fiom the multi-layer supports of the invention in both vip and downstream 
positions due to the greater pleat compression of ttie iq>strea]n or outer peiiph^ pleats. 
Included without limitation are those filter elements as tiie spiral pleated filter elements 
having a plurality of longitudinally extendhig pleats which are designed so that adjacent 
pleats are laid-over yxpoa one another to form the spiral pleats and multi-layer paper 
sheet- filter cartridges in which a plurality of papw- filter sheets of differing pore sizes 
are arranged in sequence of fluid flow theielfarougji according to decreasing pore size 
and which are formed in a concentric corrugated tubular configuration for fluid flow 
th«:efhrough firom one side to the other side as these would likewise heaoEt firom multi- 
layer supports in both the up and downstream positions due to the greater compression 
of the upstream or outer periphery pleats in the spiral design and the relative weakness 
and therewith inability to withstand high differential fluid pressures without rupture in 
the multi-layer sheet design. 

These and other aspects of the present disclosure will become more readily 
^parent to those having ordinary skill in the art firom the following detailed desaiption 
of exemplary «nbodunents takra in conjunction with the drawings desttibed 
hereinbelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that those having ordinary skill in flie art to which the present disclosure 
relates will more readily understand how to make and use the disclosed filter elements, 
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exemplaiy embodiments thereof wU be described in detail her^elow ^vith reference 
to tile drawings, wherein: 

Fig. 1 is a perspective view, partially cutaway, of a cartridge assembly inoh^ 
a pleated filter element constructed in accordance with an exemplary embodiment of 
5 the present disclosure contained between an inner core and an out«9r ca^ of the 

cartridgeassemblywherdnapoition of the filter dementis shown mivwap^jedfiom 
wifliin&ecage. 

Fig.2isaper8pectiv^partiaUyexploded,viewofaportionofanexenq)laiy 
filter element, iUusttatmg the multi-layer stractnre thereof and 

10 ^^g-3isaschematiccross-sectionaliflustrationshowing£hndflovirieMveto 
an exenq>lary filter element according to the present disclosure; 

DETAILED DRSCRIPTrniv nir in>EgpRRP.n mumnnn^j ^^ cf^ 

According to thepresentinvention, advantageous filter elements are provided 
that offer superiorfihrationpaformance by providing a selection of support layers that 
actcoopeiativdyto greats enhance flow. Exemplary filter elements according to the 
present disclosure im^e a filtration media, an upstream pleat support and a multi- 
l^erdownstreampIeatsuRport. Thefiltrationmediamaytakeavaiiety offbrms^as 
are known and conventional in the art Pleated filtration media having a pIuwHly of 
longitudinany extendingpleats may be advantageously incorpoiated into filter 
according to the present invention. The specific pleat geometry is not critical to the 
superior performance achievable according to the present disclosure. Radialpleats, W- 
pleats and spiral pleats are exemplary pleat geometries contemplated fijr use Herdn. 

The filtration media is ^icaUyfihricatedfiom a microporous filtration 
membTanehavingapQresizeofabout0.1micronstoaboutlOmfcrans. Iheporesize 
istypicaUy(Wterizedbyabubbkpohatmeaiod,a8ialai£^ The 
filtration medium can be &bricated fi:om conventional filtration materials, such as 

expanded Teflon, ivlon, polyeflier sulfone. poIyvinyUdene difluorfde and flie 

Selection of an upstoeam pleat support according to the present disclosure is not 
critical to filtoation perfonnance and its selection generaUy dq,ends upon a number of 
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fectors, e.g., requirements associated with the upstream support's ablKty to maintain 
flow Tinder dirt loading, the required chemical resistance of the upstream sxipport, 
and/or issues associated with potential damage to the filtration media caused by fee 
upstream support 

5 The muW-layer downstream pleat support includes a first downstream si^ort 

layer and a second downstream 5iq)port layer. Hie first downstream support layeris 
interposed between the filtration media and the second downstream support lay&. Jn 
an exemplary embodiment of fee present disclosure^ the first downstream support layer 
is fibricated using amateiial made by the conventional spunbond, spunlace, airlaid or 

10 wetiaid techniques. The fest downstream support layer is febricated so as to miniuiize 
points of surfeoe contact wife fee filtration media, feereby enhancing fluid flow away 
fixMn the filtration media. More particularly, fee first downstream support is fabricated 
fiom a malarial that contacts fee membrane in as few locations as possible so as to 
allow fee fluid, whether it be Kquid or gas, to egress &om fee filtration media and into 

15 fee second downstream siqjport l^er ananged just below. 

Preferred first downstream support layers are fihricated fiom materials such, as 
polyamide, polypxjpylaie or polyester, e.g., polyCefejdene teaephthakte) (PET), 
poly(bulyleneter«i)hthalate(PBl%PTrQrpolyaramide. Aprefened material for use 
in fabricating the first downstream support layer is HB A Nonwoven l^par 3091L» 
20 alfeough ofeer nonwoven materials feat minimize pomts of surfece contact wife fee 
filtration media are also suitable for use according to fee present invention. 

The nonwoven material may be made using feermal binding techniques or 
chemical bmders. Suitable materials for use in febricating fee first downstream support 
layer are characterized by high air permeability, low feickness, high strength, low fiber 
25 diameter and/or a relatively soft feel to prevent abrasion of fee filtration media. In 
some appKcations, it may be desirable to impart chemical or oxidation resistance to fee 
first downstream support layer, as will be apparent to persons skiUed in fee art based on 
fee intended filtration apphcation(s). 

In an alternative embodiment of fee present mvention, fee first downstream 
30 support layer is a nonwoven material feat is laminated to the filtration media. 


wo 2004/028660 


11 


PCT/US2003/029987 


10 


Lamination may be efifected according to conventional lamination techniques, as are 
weflknownintheait However, as noted above, it is generally preferred to provide &e 
first downstream support layer in non-laminated juxtapodtionrelative to the filtration 
media, thereby improving flow through the first support layer and the filtration media, 
5 e.g., by as much as 3 to 5%. 

According to the present invention, flie second downstream suniort layer is in 
contact with the first downstream support layer and is Mricated so as to fiK^ 
lateral fluid flow. la accordance with a prefenred embodiment, the tectrad downstream 
siqiport layer is Seated fix>m an extruded apertured film material, andpreferably an 
apertured fihn material having nb(8) formed on one side. The rib(s) advantageously 
maintain a gap when thepleated filtratiOT media is folded onto itself liere^^ 
improving lateral fluid flow. A preferred material for use in fiihricatingflie second 
downstream si^port layer is Delstar Delnrt ROO707-24P. 

In accordance with liie present invention, it has been found that eliminating 
15 eifiier flie first or the second downstream support layer degrades the performance of the 
filter. As noted above, the first support lay^, wfaichis typicaUy fibricated fiom a 
nonwovenmaterial, does not provide optimum lateral flow, whereas the extruded 
^ertured fihn would disadvantageously eflFect an undesirable sealed contact againtt the 
filtration media if placed directly against it, thaeby limiting fluid egress fiom the 
20 filtration media to aperture locations. 

In ordear to establidi that utilizing both a first and second siq>part 1^ in flie 
filter design fesnlts in improved air flow performance, &e mvenlors constructed nine 

cartridges, groups of three of wWch correspond to one of the following three groups 

Group 1 (according to the invention) includmg both a first downstream 

siq»port layer and a second downstream suppiwt l^yer. 

Gmup 2 the first downstream sii^ort layer is eliminated (ncmwoven 
materiaQ. 

Groups flie second downstream support layer is eliminated (extruded 
apertured fihn). 


25 
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All of the pleat packs were cut to a constant 5.75" in leagth as opposed to 
keeping the number of pleats constant p©c pleat pack. This served to maintain a 
constant pleat compression within the pack and eliminated a pleat separation condition 
which can lead to end cq> failures, 

5 Airjlow and Wator Flow Rate Testing was canied out using conventional 

procedures on the liuee cartridges constituting each of the Unw groups. EfiTective 
Filtration Area ^FA) was measured for each of the cartridges after testmg was 
completed* Analysis of tests results follow. Flow performance results were also 
nomiaHzed fi)r EPA. 

10 Airflow 

Airflow testing was conducted at vent conditions and at 30 psig. Ctoaverag^at 
botti conditions tiie cartridges in groups 2 and 3 lost 30% of their airflow performance 
coD^ared to the control group. Table 1 show the airflow at vent conditions and Table 2 
flie airflow at 30 psig. 

15 Table 1 




Measured 
If?) : 

r- . :^04i?sW(4iAn>4. ^t: f iJ 

\Mow:tnt?iency 


i^eoorded Odia 
' 40."2 " 

Nonfpaflzed pe^.fF 
3.5 

Normalized fon;slandarcf EHA* 

Group 1 


•H.lfl - 

417 

3.y 

aa.o 

41.0 

100% 


11.19 ■ 
■ 15.69 

41.5 
41.5 

3.7 

2.6 . 

40.8 

Group 2 


16.40 ■ 

4:>.i 

2,6 

'^A 

70% 


im ■ 
15.18 

42.0 
35.6 

24 

2.3 

26.6 

6n)up3 


14.65 

35.8 

2.4 

25.8 

28.5 

63% 


15.60 

33.1 

2.1 

23.2 


'EFAslandard ll.o iP 
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25 



; Cartiidg \,, 

Measure * 
• . EFA' 


•Airflow at 30 psIg . . 
Bt6.6psldfscJmU 

Row Efficiency 



; W". 

Recorded Data 

-Normalized peWfl?" 

Normalbfed for standard EFA* 


Group 

2680<166- 

11.64 

74.2 


70.1 


2B90-168- 

11.19 

76.7 

6.9 

75.4 

100 


2590-168- 

11.19 

79.4 

7.1 

78.1 


Group 

2690-1 6&. 

15.69 

78.4 

5.0 

55.0 


2690-165- 

16.40 

80.0 

4.9 

63.7 

71 


2690-168- 

17.36 

79.1 

4.6 

50.1 


Group 

2690-166- 

15,18 

76.4 

5.0 

54.6 


2890-16G- 

14.85 

72.9 

4.9 

54.0 

71 


2690-166- " 

15.69 

70>4 

4.5 

49.4 


•EFA 
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Water Flaw Rflfiy 


0 


Water flow rate testing established &at both groups 2 and 3 hadan average 
deca-ease of 36% for water flow efificiency. 


Group 1 


Group2 


.iiyarawge - 
^ IP -:: 


Groups BBSCTBSTOrr 


Table 3 


. • ^^^iov/oer LHttwjBnliaJ PressureV 


f^IcuJated Date 


W:v-f.ai:>;-.rrtr.. 


"335" 


*£FAsfeandaid 


11.01? 


Nonnated for standan^ EFA^ 
" ST-"" 


TJ25" 


"3T- 


JRcw^denp^rf 


106% 


81% 


66% 


The addition of sTq)port layers to the filter design in accordance with the 
invention aUows for an incase in the media area without resorting to dififerent pleat 

designs, larger geometries or ever thinner si^orts. despite the feet that the additional 
support layers effectively add thickness, lie relatively thin filtration media is «9,able 
of increased packing by pressing the pleats together more closely, but as in prior art 
systems, the increased area associated with tight packing does not result in incroised 
flowbecausethesiqjportmalerials have been closelypinched together. However, 
when multiple downstream support layers are enqjloyed, as described in the ptescLt 

invention, educed filtration performance has been observed and namely an iinproved 
flow rate and inqjioved flux (flow per area). 

The disclosed filter elements may be utilized in filter cartridges to provide 
enhanced filtration perfomiance, e.g., by way of increased media area and improved 
flow. 
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An exemplary jBlter cartridge according to the present disclosure includes a 
filter element having a longitudinal axis, an outer periphery and an inner periphery. 
The filter element typically includes a filtration media, an upstream pleat support 
positioned upstream &om and in contact with the filtration media, and a multi-layer 
5 downstream pleat support positioned downstream fixan the filtration media. Hie multi- 
layer downstream fiiq>poxt includes a first downstream suppcxrt layer and a second 
downstream support layer^ It has been found that while it is piefmedfliatfliere be an 
iq)stream pleat support, its presence is not essential to the beneficial results realized in 
accordance with flie invention. 

10 T3ie first downstream support layer ism contact with lie filt^ 

interposed between the filtration media and the second downstream layer, the first 
downstream support layer being fibricated so as to minimize points of surface contact 
with the filtration media. 

The second downstream support layer is in contact with flie Stst downstream 
15 support layer and is fibricated so as to fecilitate lateral fluid flow relative to flie multi- 
layer downstream pleat support. 

The filter cartridges according to the present invention also typically 
include a perforated cage surrounding flie outer periphery of the filt^ element, a 
perforated core surrounded by the inner periphery of the filter element coaxially 
20 positioned within tiie cage, and end caps enclosmg flie ends of the perforated cage. 

DETAILED DESCRIPTION OF THE DRAWINGS 
Referring now to the drawings wherein like reference numerals identify similar 
structural elements of the present disclosure, there is illustrated in,Fig. 1 a pleated filter 
cartridge constructed according to the invention and designated generally by reference 
25 numeral 10* 

Filt^ cartridge 10 includes an elongated pleated filter element 12 having a 
plurality of longitudiiaal pleats 14 suirounding a central perforated core 20 coaxially 
disposed within the filter element and a perforated outer cage 30 coaxially disposed on 
Hxe filter element The core 20 supports the inner periphery of the filter element 12 
30 against forces in the radial direction and also helps to give the filter axial strength and 
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25 


rigidity against balding. Tlie cage 30 retains the pleats of fliefilto: element 10, 
preferably in a radial pleat configuration. It is possible to employ means other than 
cage 30 to retain the pleats as, for example, a polymeric netting or mesh material may 
b(^utilized 10 retain the pleats about the outer periphery of filter element 12. UsuaUy a 
5 cartridge assembly 10 wiU be equipped with endows at both ends. Theendcaps40 
can be either closed or opm end caps and the materials of which they are fbmied and 
their shape are selected depending on the filtering conditions aiid the materials of the 
members to which fliey are to be joined. 

When the filter element 1 2 is used under condittons where the fluid flows 

radiaUyi,^waidlythn)ughthefilterelement,ie.,fiomthecage30tothecore20.1he 
mtemal sur&ces of flie pleat legs Sum d^e downstream sutfiice of the filter elemLit 12, 
while the external sar&ccs of the pleat legs fem, the upstream sm&ce of the filter 
element 12. Converaefy,wh«i the filter element 12 is used under conditions such that 
fluid flows radially outwardly flmnigh the element, i. e.. fiom the core to the cage, the 
internal surfiices of the pleat It^ define the ig)stream sur&ce of the filter element 12 
ami the external surfices of the pleat legs define the downstream suifece of the filter 
element 12. More specifically, as used herein, upstream and downstream refer to the 
exterior and interior sur&ces of fiie filter element 12 when the filter eUment is being 
subject to radially outward fluid flow. 

Filtration element 12 mcludes an iq>stream pleat support 16. a fiftration media 
18. amulti-layer downstream si9)port that includesafixstdownstreamsupportky^ 
and a second downstream support kjrer 22. Selection ofan ^stream pleat support 16 
is not critical to filtration performance and its selection generally depends upon a 
number of factois, namely, requhements associated with the upstream siq>port's abflity 
to maintam flow under dirt loa^ the required diemical resistance of the iqstream 
siwort. and/or conditions associated wifli potential damage to the filtration media 
caused by the iqjstream support 

The filtration media 1 8 may take a variety of pleated fonns. the filtration media 
18 may define radial pleats, W-pleats or spiral pleats. 
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There are no particular restrictions on the type of filter medium 1 8 that can be 
employed in the present filter element 12 and the filter medium can be selected in 
accordance with he fluid to be filtered and the desired filtering characteristics. The 
filter medium 1 8 can be used to filter fluids such as Kquids, gases, or mixtures thereof, 
5 and may comprise a porous fihn or a fibrous sheet or mass, or any combinatian thereof 

may have a unifonn or graded pore stracture and any qjpropriate effective pore 
may include single wmultiple layers; and m^ be formed ftom any suitable material, 
such a natural material, ^tbetic polymer, glass or metal. 

According to preferred embodiments of the present disclosure, the filter 
10 mediumis comprisedof one or more sheets of non-woven Ihennoplastic micriifibers. 
The nonwovea thermoplastic microfibas may be meltblown, spunbohd, spunlac^ 
carded or hydroentangled, for exanqjle. In addition, the fitter medium may be 
calendered, pr compressed, to fiirther modify its porosity. For lower temperature 
filtering applications (i.e., below 180° P.), the thermoplastic can comprise 
15 polypropylene, for example, while for higher temperature qjplications (ie., above 180" 
F.) or chemical compatibility with other fluids, the themioplastic can con^se 
polyanunide, nylon, polyester or melt-processible fluoropolymer, fbr example. 

The filtration media 18 is typically a miooporous filtration media having apore 
size of about 0.1 microns to about 10 microns, and is generally fiteicated fiom 
20 conventional filtration materials, such as ejcpanded Teflon, nylon, polyether sulfbne, 
polyvinyUdene difluoride and the like. 

The pore size of filtration media 18 is generally characterized by bubble point 
tests, which involve measuring the pressure to force either the first air bubble out of a 
fiiUy wetted phase inversion membrane (the mitial Bubble Point, or "IBP"), and the 

25 higher pressure which forces air out of the majority of pores all over the phase 

inversion membrane (foam-all-over-point or "FAOP"). The procedures for conducting 
initial bubble point and FAOP tests are discussed in U.S. Patent No. 4,645,602, the 
disclosure of which is incorporated herein by reference. The procedure for the initial 
bubble point test and the more common Mean Flow Pore tests are explamed in detail, 

30 for example, in ASTM F316.70 and ANS/ASTM F316-70 (Reapproved 1976). which 
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areincoiporatedhereinbyiefereace. The bubble point values for micmporous phase 
mversioa membranes are gen^aUy in the range of about five (5) to about one hundred 
(100) psig, depending on the pore size and the wetting fluid. An additional pore 
measm«n«it technique is described in ASTM E1294 89, which describes a me&od for 
detemriningpore sizeby clearing fluid from fliepores of the membrane andmeasuring 
the resulting flow. This method is used to measure mean flow poie and is sfarflar to tile 

method used to measm« bubble point, and r^ the initial bubble point M 
maximum pore size. 

As shownin Figs. 1-3. the first downstream supportlaye^ 19 isinteiposed 
between filtation media 18 and second downstream support 1^ 22. In an ej.en„lary 
embodiment of the present disclosure, ttie first downstttam supportl^ 19 is 
fibiioatedusing qnnibond, qmnlace, airMdor weM 

as to minimize pdnts of surface contact with filtration media 18. thereby enhandug 
fluidflowawayfiomfiltrationmedialS. More particularly, the first downstream 
15 «5T'ortl^l9isgeneranyfebricatedfiOT,amaterialthatcontactsfixeffl 

media 18 in as few locations as possible so as to aUow the fluid, whether it be Kquid or 
gas. to egress from filtration media 1 8 and into the second downs&eam sq^ort Hq^ 


10 


30 


The fluid flow through the filter elements acconiing to the present disctosoie is 
20 «cIi«°iaticaUyinustmtedinFig.3,whei«inhQri2ontalam>ws'H''a^^^ 

through the first downstream support layer 19, away from filtiatiaa inedia 18 and 

toward second downstream support layer 22. The vertical arrows 'V* drow lateral 
fluidflowthatisfecilitatedbythephysicalpropertiesofsecanddawnstreams^rt 
layer22. Lateral fluid flow associated with the second downstream support 1^22 
feeds filtered flmd toward the egress poim assodated wflfa exempli 
e.g., toward core 20. 

Thefirstdowistiwm support layers are preferably fibricated from materials 
such as poIyamide,pol3Tropylcae or polyesters, e.g.,poMethyIeneterep^^^ 
(PET),poly(bulyleneter^hthaIate(PBTO.PTTorpolyaiamide. Apreferra^^ 
foruse in febricating the first downstream support layer is BBANonwoven l^ar 


25 
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3091L, although other nonwoven materials that minimize points of contact with the 
filtration media are also suitable for use according to the present disclosure. Beneficial 
attributes for nonwoven materials that may be used in fabricating the first downstream 
support layer accordmg to the present disclosure are lower denier (ie., lower fiber 
5 diameter), low basis weight 0>K>vided adequate web strengfli is maintained), and low 
thickness. As noted above, however, a guiding principle in selecting an appropriate 
material for fibrication of the first downstream layer is to provide tnim>>] contact 
pomts with the filtration media and high flow through the nonwoven layer, while still 
ixcoviding adequate streng&. 

10 "I^fi^era&nningflieiionwovenrQaterial may be bonded toge&erwi^ themial 

bmders or chemical binders. Suitable materials for use in febricating the first 
downstream support layer generally are characterized by high air pameability, low 
thickness, high strength, low fiber diameter and/or a relatively soft fed to prevent 
abrasion of the filtration media. In some applications, it may be desirable to impart 

15 dionical or oxidation resistance to the first downstream support layer, as will be 

apparent to persons skilled in the art based on the intended filtration f5)plication(8). la 
an exenq)laiy embodiment of the present disclosure, the first downstream support laya 
is a nonwoven material that is laminated to the filtration media. Lamination may be 
effected according to conventional lamination technique, as are well known m the art 

2.0 Accordmg to the present disclosure, the second downstream support layer is in 

contact with the first downstream support layer and is fabricated so as to fecilitate 
lateral fluid flow. Thus, in apreferredembodhnentofthepresent disclosure, the 
second downstream siq)port layer is febricated fiom an extruded ^ertured fihn 
material, and preferably an apertured film material with rib(s) formed on one side. The 

t5 rib(s) advantageously maintain a gap when the pleated filtration media is folded onto 
itself thereby greatly inQ)roving lateral fluid flow. Apreftired material for use in 
fabricating the second downstream support layer accordmg to the present disclosure is 
Delstar Dehaet RC-0707-24P. 

Many different filtration devices will benefit firom the siq)eriorp«rfbimance 
0 attributes as disclosed herein. For example, file disclosed multi-layer downstream 
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support layers may prove particularly benejScial to Teflon filtration media used in air 
applications and hydrophobic PVDF filtration media, which are also QSed in air 
applications. Teflon membranes, in particular, may be laminated to anonwoven 
support as part of&emanu&cturing process. - 

5 KisftetheraaiteiiqjlBtedfhatthedisdOB^ 

maybeadviantageousfyincoq)OEatedintoanoiwyliadricalffl^ 
example, it is ecmtemplated that a filtration device ttatindudes a maW-kyer 
downstream sq»port, as disclosed herein, and having a geometry wherem the outer and 
inner peripheries aie substantially paraflel to each other, will exhibit enhanced filtration 
10 perfeinwncebyina^easingfiltratiaiimediaareaandinqirov^ 

Indeed, it is to be ejected that by inooiporatiQg &e disclosed nmlti-l^ downsteam 
sig>poit in a substantially planar filtration device configmatian, fluid flow(boU» thnu^ 
Hm filtration device and laterally leUdve to the fitaatioai device) wiU be advantageously 
maintained, deq»itB olbsepaddi^g of fliepieats flKrewittdn. 

15 -AltbougJifliefilterdemBntsandfiltercartridgesoffiiepresentdisclosurehave 
been described wifli leqiect to pre&ned embodiments, Ihose skilled in the ait will 
readily appredate that changes and modificatiofts maybe made &eteto without 
d^aitfaig fixm the^wUaA scope heteof as defined by the appended cl^ 
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LT IS CLAIMED IS: 
L A filter eleme^^comprismg: 
a filtration meiia;^ 

an upstream filfialion media Gupport positioned upstieam &om and in contact with 

said filtration media; and . 

(6,22) 

a multi-layer downstream filtration media support positioned downstream fiom said 
filtration media, said multi-layor downstream support indnding a first dowxistream support 
layer and a second downstceam support layer, whereiQt 

(a) said first downstream snpport layer is in contact wxtli said filtration media and 

^ "(21) 

is interposed between said filtration media and said second downstream layffl^ 

said fiist downstream support layer is fabricated so as to ininisn^ 

sux&ce contact with said filtration media; and 

(22) 

(b) said second downstream support layeys in contact wifh said first downstream 
su}q)ort layer and is &bricated so as to iacilitste lateral fluid flow relative to 
.said muhi-layBr downsttrnmfelaa/ siq^ort, wherein said second downstzeam 
support laj^comprises an extruded s^>ertnrede4^M€al barvingribs. 

Z Afiter element as recited in Claim 1, wberein &e filtration me^?^ a pleated 
filtration media baving a plurality of longitudinally extending plea^^ 


ple^ ^saii 


A fitter element as recited in Claim 2, wherein tiie longBudmaUy extending 
of said pleated filtration medh are selected from fiie gnnq> consisting of radial pleals» 


A 

w-pleats and spiral pleats. 


tioomec^s^a 


4^ A fiUer element as recited in Clafan wberem the filtration i 
microporous filtration membrane having a pore size of fiom about 0. 1 microns to about I Q 
microns. 

5. A filter element as recited in Claim 1, Wherein Ibe filtration media is 

A 

filbricatBd fiom a mat^al selected txm the group conasting of Teflon* nylon, polyaramide, 
polyvinylidene difinonde, polye&er sullone and 
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6* A filter element as recited in Qaim 1, wh©rein themuItiJayer dawoatem 
— erf said first downstream support layer and said second downstream support 



layer 


la 


7, A filter element as xecited in Claim 1. wli6rein said first dowcstteam support 
ybi IS &bricated fiom a nonwoven material. 


A filter element as recited in Claim 7, wherein said nonwoven materia] is 
laminated to said filtration medm. 

9* A filter element as lecited in Claim 7, wheifein amd nmrmfwm mt ^f^ nl is 
filnicated as a qmnbond» Bpmdacu^ aidaid or wetlaid mat^ 

10* A filter element as recited in Claim 7, wherein said nonwoven material is 
fibficated &om polypropylene, polyester or polyamide, 

11. A filter as recited in Claim L whroin said extruded apartmgd^^ieLi^^flft jfj^ 
on one side. 


12. A fitter dement, < 

a filtcation media; 

an upstream pleat support positio 
media^and 


I upstream fiom and in contact with said filtx?tiCTi 


a mtdti-j^fer downstream pleat sup^posffipned downstr^m tarn said fiHtatiasi 
media, said mnlti-laryerdownstxeam support^cludmg a first downstream soppoEt Ia>er end a 
second downstream support layer» whema: 

(a) said fizst downstream support laVer is in contact widi said filtration media and 
is interposed betwe«i said filtratW media and said second downstream laye^ 
said first downstream support laytr is fehricated so as to minimize points of 
sur&ce contact with said filtrationpiedia; and 

(b) said second downstream support laUr ts in contact wiflj said first downstreiun 
support byei and is fibricated so ad to fiicilitBle lateral fluid flow relafive to 
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said mulii-lflyer dovvnstt^ pleat support, wherein said second downstzeam 
^poit layer comprises an extruded aperhired element having ribs. 


m A filter cartndge comprising: , ^ . . . . l /^\ 

1 filter element havixig a longitudinal axis, an outer periphery and an inner periphery^* 


12L. ^+3^ 

a luter element havixig a longitudinal axis, an outer periphery and an inner periphery; CikJl 
A 

end Xncludmg 3 filtrat i on mOTlif*{y^ iTprfronm filfgr - imnr^in nippnrfpnn'firninrt lipnh-nntn frfi aa 

and in contact vifli said filtration media; and a multi-layer downstream support positioned 
downstream from said filiialion meoia» said multi-layer downstream suppott including a first 
downstxeam support layer and a secoiul downstream support layer, wherein: 

^ (a) &B first downstream suppVt layer is in contact wifh said filtcalion media and 
is interposed between said miration media and said second downstream layei^ 
said filrst downstream siipport\ayer being &bricated so as to minimize points 
of suifitce contact with said filtrmon medial; and 

(b) die second downstream so^ortlaycris in contact wifli said first downstream 

siqiportlayer andia fibricated so as to ftciStBlek 

I. \ 

saidmulti-lay<»r downstream fQtN media support, Nereis said second 

doimurtntimi i mi j iMif lir j ni n n mjnnnn nn mn nirtri l f i pn if i i n i d nl rm rTi tbrnT rn fl 
ij iip* „ 

a perfinated cfig^mionnaing die outer periplxety of Qis Ster element; 


apeifcnafed e«B%QnDiiiided by die inoeTperipheiy of (he filter element; and 
eodcaps^enclostngbofli ends of fhepeiibiated cage. 

14. A filter csxtjidge as id^ited in Claim 13, wherein said first downstream support 
layer is fabricated fiom a nonwoven miteriaL 

15. A fitter eartrid^ as recited^ Claim 14, wherein said nonwovea mateiial is 
laminated to said filtmtion media. 

16. A filter element as recited in Oaim 14, wfaerem said nonwoven material is 
fibricated as a spnnbond, spunlace, aiilaid or wettlaid material 

17. A filter element as recited in CIaim\ 4, wherein said nonwoven material is 
febricated ficom polypropylene, polyester or polyamxije. 
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IS. A filter element a\recited in Claiin I i, wbeiem said second dowDStream 
sui4)0it layer is bd extruded apertui^ element having nbs. 

19, A fiUer element as leeited in Claim 1 3, wberein said second downstxeam 
sappott layer is ao octnided apertuied el^ent having libs fotmed on one side. 

20. A filter cartridge as recited iir^Iaim 13 wherein the perfomtBd cage is 
equipped mth end caps at both ends thereof. 
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^« %^ AfiltercaitddgdasxedtedinaaimS^whereinsaid^ 

cylindrical coxe and is coamlly positioned wilhm tiie filter element which is a cylindneal 
cScj) 

filter element and tho cage is likewise cylindrical and is coaxnlly positioned about ttie 
cyfindiical filter etement 


A fiUer CBztridge compzis 
a filter element having a longitudiikal axis, an outer per^heiy and an inner peripheiy, 
and indading a fijtrafion media; and a mnffi-layer downstream pleat support positioned 
downstieam fiom said filtration media, saidpulti-layer downstream stxppaxt including a fizst 
downstream si^port layer and a second downstream support layer, wherdn: 

(a) the first downstream support lakrer is in contaot with ssid filtration media and 
is intotposed between said filttmon media and said second downstream layer, 
said first downstream simport laMgrbemg fabricated sq agin TwfnWt^y^ p^yiqig 
of surfi^ contact widi said filttEupn rnedia; and 

(b) file second downstream support latter is in contact wifli said first downstream 
support layer and is fabricated so asW fiuriKtate lateral fiuidflow relative to 
said multi-l^er downstream pleat sutopoii, wherein said second downstream 
siqjport layer comprises an extruded dpertured element having ribs; 

a perforated cage sanounding fiie outer pcripneiy of &e filter element 
a peifbiatEd core surrounded by the innerpeiiAhEaty of the filler element; and 
end caps enclosing botb ends of tbe perforated I 
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